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A series o f  d r o p  t e s t s  were performed w i t h  n Large g % i d % n g  

parachute  terrned &he Para-Sail, IKI the 6 0 U r S 8  of J612$~ $ e s k % n ~ ; ,  

a ignbd 'bcan t  deployment and d.rlflatl.on d l f f % c u % t i c = . s  were ouer7corne 

and the pe~fo r rnance  and o p e n i n g  c h a r a c t e r i s t i c s  established, 'The 

aerodynamic c o e f f i c i e n t s  d e t e r m i n e d  in f u l l  s i z e  drop  t e s t s  i n -  

d i c a t e  good agreement w i t h  va%ues  Trorn. wind t!,irjncL model s t r t d i e s ,  

From the test data an analysis is per fo rmed  on t h e  f i n a h  

c a n f i g u r a t i o n  deve loped  w i t h  r e g a r d  t o  canopy s t r e s s e s ,  i n f l a t e d  

p ~ o P P l e ,  and p lanform,  An empirica,l .  o p e n i n g  slaock r e l a . t i s n  f c  a l so  

e s t a b l i s h e d  f o r  t h e  a v a i  %able range o f  d a t z ,  
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- A d i f f e r e n c e  o r  change in q u a n t i t i e s ,  

- Reefing l i n e  diameter r a t i o ,  

- A i r f o i l  angle  of' a t t a c k  ( c h o r d  l i n e  w i t h  r e spec t  t o  

d i r e c t i o n  of f l o w ) ,  

- Air p e r m e a b i l i t y  - ( m e c h a n i c a l  p o r o s i t y ) ,  

- Atmospher ic  d e n s i t y ,  

- I n i t i a l  d e n s i t y ,  

- F i n a l  d e n s i t y ,  

- Density at time of line stretch, 
- Sea l e v e l  density, 

- Stable angle of a t t a c k  ( p a r a c h u t e  centerllne w i t h  re- 

s p e c t  t o  f l o w ) ,  
x i v  
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T h i s  report t r a c e s  t h e  devckopmcnt sf a l a r g e  Para-Sail 

p a r a c h u t e  for application as  a gliding decelerator for the s e c o v e r y  

o f  heavy space  ex-aft where rnaneuverab:l . l i ty '  d u r i n g  f i n a l  d e s c e n t  

t h r o u g h  t h e  a tmosphere  i s  r e q u i r e d ,  T h i s  e f f o r t  was pe r fo rmed  

by t h e  P i o n e e r  P a r a c h u t e  Company, I n ~ , ~ u n d e r  Nat ional .  h e ~ o n a u . t i c s  

and  Space  h d r n i n i s t r a t i o n  C o n t r a c t  N A S  3-1157. 

The d e s i g n  of such  a P a r a - S a i l  o r i g i n a t e d  w i t h  a small 

p e p s o a n e l  s i z e d  v e r s i o n  which was c a p a b l e  o f  l i f t i n g  a t t a c h e d  

ZndPviduaSs i n t o  t h e  a i r  when towed beh ind  a v e h i c l e  or b o a t ,  

T h i s  phenonomen was a c h i e v e d  b y  v i r t u e  o f  t h e  h i a h  l i f t / d r a g  r a t i o  

of t h e  canopy which \?as shown in wind t u n n e l  t e s t s  t o  be  i n  t h e  

o r d e r  o f  , 8 ,  

Based on t h e  s u c c e s s f u l  p r i n c i p l e s  of  t h ~  s m a l l e r  canopy,  

a P a r a - S a i l  sf a p p r o x i m a t e l y  80 f e e t  i n  d i a m e t e r  was designed and 

t e s t  programs i n % t i s t e d ,  

Numerous deployment  and i n f l a t i o n  problems i n sued  w i t h  

t h e  l a r g e  canopy,  t r a c e a b l e  t o  many o f  t h e  u n c o n v e n t i o n a l  f e a t u r e s  

which were r e s p o n s i b l e  f o r  t h e  h i g h  s t e a d y  s t a t e  pe r fo rmance  

e v i d e n c e d  i n  t e s t s ,  A s  a r e s u l t  o f  t h e s e  d i f f i c u l t i e s ,  numerous 

m o d i f i c a t i o n s  were made t o  t h e  o r i g i n a l  d e s i g n  i n c l u d i n g  a change  

i n  go re  s h a p e ,  e l i m i n a t i o n  o f  t h e  c e n t e r  s u s p e n s i o n  l i n e ,  changes  

i n  s l o t  geometry  and t h e  i n t r o d u c t i o n  o f  an  i n t e r n a l  p a r a c h u t e  

t o  improve i n f l a t i o n ,  

The end  p r o d u c t  oP t h i s  development  program was a Para- 

Sai l .  of 7 9 , 4  feet i n  d i a m e t e r  which was c a p a b l e  o f  successfuh 

t3 * 

deployment  a t  154 k n o t s  (dynamic pressure of 80 PSF) w J t h  a 

hr ;750 pound w e i g h t ,  Opening f o r c e s  were i n  t h e  o r d e r  of' 1 5 , 0 0 0  

p o u n d s ,  E l f t i d r a g  r a t i o s  averagfng 1,13 were d e v e l o p e d  at canopy - 1 - 



loadings of 0.96 ibs . /fCt . 2, correspondj ng to a glide angle  w ? t h  

r e s p e c t  t o  t h e  horizontal of 41,5 degrees, An effective drzg 

c o e f f i c i e n t ,  based on v e r t i c a l  v c l o e i t y ,  o f  9,47 was e s t a b l t s h e d  

a t  t h e  above v a l u e  of  canopy l o a d i n g ,  F i x e d  t u r n  r a t e s  of 18,5 

d e g r e e s  p e r  second  were o b t a i n e d  b y  i n v e r t i n g  r a d i a l  s l o t s  on one 

s i d e  of t h e  canopy ,  

An a n a , l y s i s  was pe r fo rmed  sf' t h e  s t r e n g t h  o f  s t r u c t u r a l  

components w i t h  a n  e m p i r i c a l .  s t u d y  o f  t h e  s t r e s s  i n  t h e s e  p a r t s  

b e i n g  made a l s o ,  The r e s u l t s  o f  t h i s  work i n d i c a t e d  t h e  need  for 

improvement o f  s t r e n g t h  i n  c e r t a i n  a r e a s ,  

Opening shock f a c t o r s  a r e  e s t a b l i s h e d  a n d  d a t a   elating 

t o  canopy p i a n f o r m  and p r o f i l e  p s e s e n t e d ,  

It w i l l  b e  conc luded  t h a t  t h e  c a p a b i l i t i e s  o f  t h e  de- 

v e l o p e d  P a r a - S a i l  s u c c e s s f u l l y  met t h e  r e q u i r e m e n t s  and o b j e c t i v e s  
2 :x 8 o f  t h e  program,  Recommendations are made r e g a r d i n g  improvemerit 

i n  f a b r i c a t i o n ,  m a t e r i a l s ,  d e s i g n  geomet ry ,  deployment  a i d s ,  

p a c k a g i n g  and  t h e  need  f o r  a d d i t i o n a l  i n v e s t i g a t i o n s ,  
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Ira J a n u a r y  of  1,963, Pioneer Pal-aeht~tc  Cornpany, I n c ,  , 
u n d e r  N a t i o n a l  A c r o n a u t l c s  and Space  Adns3.nis t rnt ion C o n t r e c t  

MASg-ll57, u n d e r t o o k  a program of' e v a l u 2 t i u n  and development  

of  a l a r g e  P a r a - S a i l  P a r a c h u t e  c a p a b l e  o f  r e c o v c r l n g  heavy pay- 

l o a d s  and p r o v i d i n g  a s i g n i f i c a n t  degree  sf glj.d%ni; and maneuver- 

i n g  c h a r a c t e r i s t i c s ,  I n  March 1964 all t e s t  w o r k . u n d e r  t h i s  

" c o n t r a c t  was s u e c e s s f u X l y  comple ted ,  . 

I n  t h e  c o u r s e  o f  t h i s  ppogram t h e  p r i n c i p l e  aerodynamic  

c o e f f i c i e n t s  f b r  t h i s  t y p e  of pa rachu te  were e s t a b l i s h e d  i n  wind 

t u n n e l  t e s t s ,  U t i l i z i n g  t h e  wind t u n n e l  a s  an f n v e s t l g a t i v e  t o 0 1 ,  

s t u d f e s  were made o f  methods t o  improve upon these c o e f f i c i e n t s  

and  t o  e s t a b l i s h  b e t t e r  i n f l a t i o n  c h a r a c t e r i s t i c s .  These  e f f o r t s  

were perFo~*med b y  t h e  University sf Minnesota ,  Dcpa<rtment of 

0 A e ~ o n a u t i c s  and  Mechanics ,  and a r e  s e p o r t e d  111 Volusne 1 o f  t h i s  

document,  e n t i t l e d  "Aerodynamic I n v e s t i g a t i o n s  o f  P a r a - S a i l  Pa ra -  

c h u t e s " ,  

The r e s u l t s  o f  t h e  wind t u n n e l  e x p e r i m e n t s  were v a l i -  

d a t e d  by  a s e r i e s  o f  f u l l  s c a l e  d e v e l o p m e n t a l  d r o p  t e s t s  w i t h  

a P a r a - S a f l  of  a p p r o x i m a t e l y  80 f e e t  i n  d i a m e t e r .  These  t es t s  

were conduc ted  a t  t h e  J o i n t  P a r a c h u t e  T e s t  F a c i l i t y ,  E l  C e n t r o ,  

C a l i f o r n i a  and  a r e  d e s c r i b e d  i n  t h i s  volume t o g e t h e r  w i t h  t e s t  

r e s u l t s  and d e s i g n  a s p e c t s  o f  t h e  deve loped  Para-Sail. 

The P a r a - S a i l  P a r a c h u t e  was i n v e n t e d  in P r a n c e  by 

Islonsieur P i e r r e  Lemoigne, The United S t a t e s  p a t e n t  r i g h t s  t o  

t h i s  p a r a c h u t e  were a c q u i r e d  b y  t h e  P i o n e e r  P a r a c h u t e  Company, 

0 I n c ,  which has s i n c e  continued w i t h  tile development  o f  t h i s  

i t e m ,  The Para-Sai l ,  a.s o r l g l n a l l y  conceived. ,  was i n t e n d e d  as 

- 3 -  



a n o v e l t y  parachute which b y  virtue o f  I t s  r e b n t f v e l y  h i g h  lift/ 

d r a g  r a t i o  ( rzpproxi t i~a te%y ,8j and i n h e r e n t  stability, was capable 

of' l i f t i n g  a t t a c h e d  p e r s o n n e l  into t h e  air when t h e  p a r a c h u t e  wks 

towed behim3 a vehPeLc, as  S-s shown i n  F'igilre 1, ' The o r i g i n a l  

e o n f i g u r a t % o n  s e r v e d  as a ba.s%s f o r  t h e  de s ign  of a d e p l o y a b l e  + 

v e r s f o n  o f  t h e  same size (approximateTy 25 ree t  i n  dTameter) f o r  

use i n  s p o r t  p a r % e h u t i n g ,  T h i s  p a r t i c u L a r  v e r s i o n  was t r a d e  

named t h e  Para-Commander and i s  i l l u s t r a t e d  i n  t h e  p h o t o g r a p h  

of F igure  2 ,  The n e x t  s t e p  i n  t h e  development  o f  d .ep loyable  

P a r a - S a i l s  was c o r ~ e e r n e d  w i t h  t h e  n u b 3 e c t c a a o p y  o f  t h i s  r e p o r t ,  

En a d d i t f o n  t o  t h e  2 5  and 80 f o o t  diameter P a r a - S a i l s  

ment ioned  above ,  o the - r  d e a l g n s  a f  1 2 ,  4 0 ,  51 and 70  f o o t  d i a -  

meter have s i n c e  been f a b r i c a t e d  and t e s t e d  s u c c e s s S u l E y ,  Pa ra -  

S a i l s  have been used f o r  v a r i o u s  p u r p o s e s  such  a s  t h e  aecsrnplis11- 

6 ment of  p o i n t  l a n d i n g s  by remote c o n t r o l ,  syoiqt  pa r achu t ing ,  

towing  as a n  a s c e n d i n g  para.chute  f a r  p e r s o n n e l  and a e r i a l  t a r g e t  

p r a c t i c e ,  and va , r lous  r e c o v e r y  p r o j e c t s ,  Through t h e s e  e f f a r t s  

c o n s i d e r a b l e  e x p e r i e n c e  has been  ga,ined i n  %owing t e c h n i q u e s ,  

deployment methods ,  t u r n  c o n t r o l ,  l i S t / d r a g  m o d u l a t i o n  and d e s i g n  

c h a r a c t e r i s t i c s ,  

The g l i d i n g  e a p a b f l i t y  o f  t h e  P a r a - S a i l  is due in p a r t  

t o  t h e  c o n t r o l l e d  e x h a u s t  o f  i n t e r n a l  a i r  p r e s s u r e  t h r o u g h  

s t r a t e g i c a l l y  p l a c e d  s l o t s  and l o u v e r s  i n  t h e  s u r f a c e  o f  t h e  

canopy,  as  shown i n  F i g u r e  3 ,  I n  a d d i t i o n ,  a i ~ f l o w  o v e r  t h e  non- 

po rous  l e a d i n g  s u r f a c e  i n d u c e s  a lift f o r c e  which f u . r t h e ~  I n -  

c r e a s e s  h o r i z o n t a l  v e l o c i t y  and decseases  v e r t i c a l  v e l o c i t y ,  

The aerodynam$c f o r c e s  are p o r t r a y e d  s c h e m a t i c a l l y  i n  t h e  d f a -  

gram o f  P l g u r e  4 ,  



% h e  development  of t h e  program undcs C o n t r a c t  NAS 9-2.157 

h a s  p roceeded  w l t h  t h e  ultimate o b J e e t i v e  o f  e s t a b l i s h i n g  the 

Para-Sail p a r a c h u t e  as a r e l i a b l e  and  e f f i c i e n t  gllding dece9era-= 

t o r  capa.b%e oT r e c o v c ~ l n g  large manned s p a c e c r a f t ,  where maneuver- 

a b i l i t y  d u r i n g  descen t  t h r o u g h  t h e  a tmosphere  1s d e s i r e d ,  

A s e r i e s  o f  p r e l i m i n a r y  r e q u i r e m e n t s  f o r  s u c h  a para-  

c h u t e  a r e  d e f i n e d  i n  R e f e r e n c e  9. and a r e  summarized as  f o l l o ~ . r s :  

P a y l o a d  Weight - 4 , 7 5 0 L b s s  

BepLsyrnent Speed e 154 KEAS 

L i f t - D r a g  Ratio - l or b e t t e r -  

Canopy Turn  Ra te  - 10  Dcg, /Sec,  

R a t e  sf Descen t  - 30 PPS Maximum 

Deployment A l t i t u d e  - P 0 , 6 0 0  Ft, 

The t e c h n i c a l  approach  u t i l i z e d  i n  f u l f i l l i n g  t h e  

above  r e q u i r e m e n t s  i s  d i s c u s s e d  i n  S e c t i o n  3 ,  S e c t i o n  4 d e a l s  

w i t h  s p e c i f i c  r e s u l t s  o f  t h e  t e s t  program and S e c t i o n  5 p r e s e n t s  

a des ign  a n a l y s i s  o f  t h e  f i n a l  c o n f i g u r a t i o n ,  C o n c l u s i o n s  and 

recommendat ions a s e  i n c l u d e d  i n  t h e  f i n a l  s e c t i o n .  
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The a b 3 e c t i v c s  o f  t h i s  program were  approached p ~ i r n a r i l y  

t h ~ o u g h  a c t u a l  d r o p  t e s t i n g  o f  the f u l l  s a z e d  Para-Sail, 'l'l~?s 

e f f o r t  was augmented b y  a wind "cunnel program for t h e  purpose  of  

e s t a b l f  s h i n 8  and i r n p ~ o v f n g  t h e  aerody~mrnic eha,s- .aeter is t  i c s  sf t h e  

Para-Sa$l ~ E i r E i ~ h u t e  and a i d e d  by a s e r i e s  o f  s t a n d b y  wind t u n n e l .  

p r o j e c t s  which p r o v i d e d  t e c h n i c a l  gu ldance  when development p ro -  

blems a r o s e ,  

I n i t i a l  desPgn work on t h e  f u l l  s i z e  P a r a - S a i l  was 

performed by t h e  i n v e n t o r ,  Monsieur  LomoSgne, s e r v i n g  as a con- 

s u l t a n t  a t  t h e  c o n t r a c t o r P s  f a c i l i t y ,  The g e o r n e t ~ i c  c o n f i g u r a t i o n  

o f  Ghe p a r a c h u t e ,  i n c l u d i n g  a p p ~ o p ~ i a t e  dinicnsions and m a t e r i a l s  

were  i n d i c a t e d ,  From t h i s  i n f o r m a t i o n  a comp%e,te des fgn  was de- 

ve loped  and f a b r i c a t i o n  commenced on a P a r a - S a i l  of approx imate ly  

0 80 f ee t  i n  d i a m e t e r ,  

Numerous m o d i f i c a t i o n s  t o  t h i s  d e s i g ~ i  r e s u l t e d  a f t e r  

deployment and i n f l a t i o n  d i f f i c u l t i e s  were e n c o u n t e r e d  i n  e a r l y  

f u n c t i s n a b  d rop  t e s t s  conducted  by t h e  N a t i o n a l  A e r o n a u t i c s  

and Space A d m i n i s t r a t i o n ,  Manned Space C r a f t  C e n t e r ,  Houston,  

To a n  e x t e n t  t h e s e  d i f f i c u l t i e s  were s o l v e d ,  a t  l e a s t  i n  such  a 

manner t h a t  r e c o v e r y  o f  t h e  t e s t  v e h i c l e  cou ld  b e  a n t i c i p a t e d ,  

and t e s t i n g  was t h e r e f o r e  i n i t i a t e d  a t  t h e  J o i n t  Para.chute T e s t  

F a c i l i t y ,  E l  C e n t r o ,  C a l i f o r n i a ,  as o r i g i n a l l y  p lanned .  Through- 

o u t  t h i s  program deployment and i n f l a t  i o n  problems p e r s i  s t e d  

which were  s o l v e d  by m o d i f i c a t i o n s  to t h e  p r e v i o u s  c s n f ' i g u r a t i o n ,  

V a r i a t i o n s  o f  canopy geometry were i n v e s t i g a t e d  a s  well. a s  ~ i g g i n g  

p r o c e d u r e s  and deployment a i d s ,  o 
T h i s  r e p o r t  will d e s c r i b e  only briefly t h e  efforts 

and mod%fica tEons  produced p r k o r  t o  commencement of t h e  pr imary  

- 9 -  



d e v e l o p m e n t a l  t e s t i n g  a t  EL Centre, b u t  s h a l l  deal i n  mnore 

(-3 
d e t a i l  w i t h  b o t h  t h e  c o n f i g u r a t i o n s  and t h e  r e l a t e d  t e s t i n g  

'; 2 
which o c c u r r e d  during t h e s e  t e s t s ,  The f o l l o w i n g  s u b - s e c t i o n s  

w i l l  d e a l  w i t h  a  c2escrLption o f  t h e  t e s t  .J.ternsS. t h e  t e s t  p r o -  

grams,  and t h e  methods o f  d.ata a c q u i s i t i o n  and  e v a l u a t i o n ,  

30s - D e s c r i p t i o n  of  T e s t  I t e m s  

C o n f i g u r a t i o n  80L-1 ( s e e  f o l d o u t  F i g u r e  6), 

T h i s  c o n f i g u r a t i o n  c o n s t i t u t e d  t h e  i n i t i a l  d e s i g n  

e f f o r t  u n d e r  t h i s  program, A r e a l i s t i c  s t r e s s  a n a l y s i s  was 

n o t  p o s s i b l e  w i t h  t h i s  u n i t  s i n c e  l i t t l e  o r  no i n f o r m a t i o n  

was a v a i l a b l e  r e g a r d i n g  l o a d  and s t r e s s  d i s t r i b u t i o n ,  o r  

open ing  c h a r a c t e r i s t i c s ,  Consequen t ly ,  s t r u c t u r a l  d e s i g n  

was g e n e r a l l y  b a s e d  on p r a c t i c e s  c u r r e n t  w i t h  s t a n d a r d  p a r a -  

c h u t e s  of  t h e  same s i z e  and a p p l i c a t i o n ,  

However, one f e a t u r e  of t h e  s e l e c t e d  c o n s t r u c t i o n  

was based  on e x p e r i e n c e  g a i n e d  w i t h  t h e  Para-Commander p e r -  

s o n n e l  p a r a c h u t e ,  which u t i l i z e d  what i s  t e rmed  a  b u t t  seam, 

I n  t h i s  c o n s t r u c t i o n  t h e  r a d i c a l  main seams a r e  formed by 

b u t t i n g  a d j a c e n t  p a n e l s  t o g e t h e r ,  r a t h e r  t h a n  o v e r l a p p i n g  

and l o c k i n g ,  t h e r e b y  s u p p o r t i n g  c i r c u m f e r e n t i a l  s t r e s s  v i a  

t h e  f i l l i n g  t h r e a d s  o f  t h e  main seam t a p e ,  Al though someth ing  

o f  a d e v i a t i o n  from s t a n d a r d  p a r a c h u t e  c o n s t r u c t i o n ,  i t  was 

f e l t  t h a t  c e r t a i n  a d v a n t a g e s  were o f f e r e d  t h r o u g h  r e d u c t i o n  

o f  m a t e r i a l  f o r  seam a l l o w a n c e  and g r e a t e r  e a s e  of f a b r i c a t i o n ,  

Seam t e s t s  were pe r fo rmed ,  and a l t h o u g h  e f f i c i e n c y  

was n o t  as h i g h  a s  w i t h  s imilar  l o c k  seams,  i t  was c o n s i d e r e d  

a d e q u a t e  due t o  t h e  a p p a r e n t  o v e r - s t r e n g t h  o f  t h e  m a t e r i a l ,  

0 Seam c o n s t r u c t i o n  r e p r e s e n t a t i v e  of  c o n f i g u r a t i o n  80L-1 may 

be  s e e n  i n  F i g u r e  441 of S e c t i o n  5,5,2, 

-. 10 - 



Anothe r  significant c o n s t r u c t i o n  feature o f  t h l s  

f i r s t  d e s i g n  was t h e  f o r m a t i o n  of pane l s  on  t h e  s t , r a i g h t  of 

t h e  goods  as Is normally done  w i t h  Ring S l o t  canopies, The 

t r a p e z o i d a l  panel.  s h a p e  d i c t a t e d  b y  canopy geornctry n e c e s s i -  

t a t e s  t h i s  t y p e  o f  c o n s t r u c t i o n  f o r  e c o n o m i c a l  u s e  o f  c l o t h ,  

Canopy m a t e r i a l s  o f  a s u f f i c i e n t l y  low p o r o s i t y  

( n e a r l y  z e r o )  were  q u i t e  l l m l t e d  i n  a v a i l a b i l i t y  and c o n s e -  

q u e n t l y  a  n y l o n  t a f f e t a  c l o t h  which had been  u s e d  success full^ 

i n  b o t h  t h e  s m a l l e r  t o w a b l e  and  d e p l o y a b l e  Pa ra , -Sa i l s  was 

u t i l i z e d  f o r  t h e  m a j o r  p o r t i o n  of  t h e  ca-nopy, T h i s  m a t e r i a l  

a c t u a l l y  s e r v e s  as a b a s e  i'abr1.c i n  m i l i t a r y  pneumat i c  m a t t ~ e s s  

a p p l i c a t i o n s  and  i s  c o v e r e d  by s p e c i f i c a t i o n  ~IL-M-1_07147~,  

A number o f  p a r t i c u l a r l y  n o v e l  f e a t u r e s  o f  t h e  

s m a l l e r  P a r a - S a i l s  were r e t a i n e d  i n  t h e  d e s i g n  o f  t h e  80  

f o o t  d i a m e t e r  P a r a - S a i l ,  among t h e s e  b e i n g  a c e n t e r l i n e  which  

i n v e r t e d  t h e  canopy a p e x  i n  t h e  i n f l a t e d  c o n d i t i o n ,  a n d  

s t a b i l i z e r  p a n e l s  a r r a n g e d  be low t h e  s k i r t ,  a s  shown i n  

F ' igure  5 ,  

An 8 f o o t  d i a m e t e r  r i b l e s s  g u i d e  s u r f a c e  p a r a c h u t e  

was u s e d  as  p i l o t  el-lute and a  dep loymen t  b a g  p r o v i d e d  t o  a l l o w  

a L i n e s  f i r s t  t y p e  o f  d e p l o y m e n t ,  The p a r a c h u t e  was d e p l o y e d  

wi.th t h e  a p e x  wi thd rawn  i n s i d e  t h e  canopy by t h e  c e n t e r l i n e ,  

wh ich  was p r e v e n t e d  frorn b u r n i n g  t h e  canopy b y  mear-rs o f  a p r o -  

t e c t i v e  r a y o n  s l e e v e ,  

I t  was t h i s  c o n f i g u r a t i o n  upon which i n i t i a l .  t e s t i n g  

commenced and  which was s u b s e q u e n t l y  rnod:ified i n  a number o f  

s t e p s  s o  t h a t  a t  t h e  outcome o f  t h e s e  t e s t s  t h e  f o l l o w i n g  

c o n f i g u r a t i o n  d e f i n e d  as 80i-2 emerged, The manner of 

- 91 -; 



a c h i e v i n g  t h i s  design i s  d i s c u s s e d  more fully in S e c t i n n  3 , 2 , b ,  

C o n f i g u r a t i a n  80L-2 - ( s e e  f o l d o u t  Figure 7 )  

The f e a tu se s  of  primary sbgn&f%cnnce In t h i s  c a n f i g u r z -  

t i o n  were t h e  r e p l a c e m e n t  of t h e  r e c r w a ~ d  openislg circumfesenl;l .a2 

s l o t s  i n  t h e  f r o n t  o f  t h e  canopy w i t h  s o l i d  g o r e s ,  and t h e  removal  

of c l o t h  from t h e  l e a d i n g  ( f o r w a r d )  s u p f a c e  s k i r t  p r o d u c i n g  go;*cs 

o f  va ry ing  l e n g t h  w i t h  up t o  a 40 i n c h  r e d u c t i o n  i n  l e n g t h  a t  t h e  

c e n t e r m o s t  gore,  

A s e c a n d  v i t a l  m o d i f i c a t i o n  was t h e  i n c l u s i o n  o f  a 

PO f o o t  diameter G i b l e s s  g u i d e  s u r f a c e  i n t e r n a l  p a r a c h u t e ,  t o  

a s s i s t  f n  i n f l a t i o n ,  Among t h e  l e s s  s i g n i f i c a n t  f e a t u r e s  were 

s h o r t e n e d  r e a r  r i s e s s ,  p o c k e t  bands  on t h e  fo rward  s k f r t ,  l o n g e r  

s u s p e n s i o n  l i n e s ,  and t h r e e  forward f a c i n g  s l o t s  . in  t h e  f r o n t  

c e n t e r  g o r e s  n e a r  t h e  s k i r t ,  i n t e n d e d  t o  s e rve  as p o c k e t s  which 

3 would. a i d  f n  i n f l a t i n g  t h e  f r o n t  s e c t i o n  o f  t h e  canopy,  I n  

a d d i t i o n ,  a crown s t a b i l i z a t i o n  p a r a c h u t e  was pe rmenen t ly  a t t a c h e d  

i n  s u c h  a manner t h a t  a c o n f l u e n c e  p o i n t  d i d  n o t  e x i s t ,  a l l o w r n g  

t h e  p a r a c h u t e  t o  c o l l a p s e  when t h e  P a r a - S a i l  commenced t o  g l i d e ,  

t h e r e b y  s educ ing  drag  on t h e  f r o n t  p o s t i o n  of t h e  crown t h r u  

t h e  a t L 8 ~ h i ~ g  b r i d l e ,  

3 0 1 ~ 3  C o n f i g u r a t i o n  8OL-3 - (see  f o l d o u t  F i g u r e  8 )  

T h i s  c o n f i g u r a t i o n  i n v o l v e d  t h e  a d d i t i o n  o f  some 

s l o t s  i n  t h e  u p p e r  crown s e c t i o n  o f  t h e  canopy and a change 

i n  r i g g i n g  o f  t h e  crown s t a b i l i z a t i o n  p a r a c h u t e ,  Rear  r i s e r s  

were s h o r t e n e d  a s  i n  t h e  p r e v i o u s  c o n f i g u r a t i o n ,  b u t  prsvPded 

w i t h  a 20 second d e l a y  f o r  r e l ea se  t o  f u l l  l e n g t h ,  

C o n f i g u r a t i o n  80~-4 - ( s e e  f o l d o u t  F l g u r e  8) 



The most  s i g n i f i c a n t  change  I n  this c o n f i g u r a t i o n  was 

a  change  I n  l o c a t i o n  o f  the i n t e r n a l  p a r a c h u t e  so t h a t  the s k i r t  

p o s i t i o n  was actually outs id^ the  l e a d i n g  edge of the Para-Sai l  

s k i r t ,  H e c f l n g  l i n e  l e n g t h  was s h o r t e n e d '  s i g r l l f i c a n t l - y  and rear 

r i s e r s  were f o r e s h a r t e n e d  p e r m a n e n t l y  wPth no  p r o v i s i o n  f o r  t h e i r  

e x t e n s i o n .  

C o n f l g u r a t l o n  8 0 ~ - l  ( s e e  f o l d o u t  F i g u r e  9 . )  

P o s s i b l y  t h e  most s i g n i f i c a n t  improvement i n  canopy 

i n f l a t i o n  c h a r a c t e r i s t i c s  and r e d u c t I a n  of' o p e n i n g  l o a d s  o c c u r r e d  

w i t h  t h i s  c o n f i g u r a t i o n  t h r o u g h  e l l m i n a t i o n  o f  t h e  c e n t e r  s u s p e n -  

s i o n  l i n e  a n d  i n v e r t e d  a p e x ,  To r e t a i n  somewhat o f  t h e  s h a l l o w  

p r o f i l e  e x h i b i t e d  b y  p s e v i o u s  d - e s i g n s ,  canopy s h a p e  was m o d i f i e d  

f rom b i c o n f c a l  t o  t r i e o n i c a l . ,  The u p p e r  c o n i c a l  crown p o r t i o n  

was removed and  r e p l a c e d  w i t h  a  f l a t  c i r c u l a r  s e c t i o n .  I n  a c -  

t u a l i t y ,  a n  e x i s t i n g  P a r a - S a i l  was rnod l f i ed  i n  Just t h i s  manner ,  

s p l i c i n g  main seams and j o i n i n g  t h e  o l d  2nd new p o r t i o n s  t o g e t h e r  

a t  a c r o s s  seam, The new u p p e r  s e c t l o n  was m a n u f a c t u r e d  o r  l o c k  

seam, b i a s  c o n s t r u c t i . o n  f o r  maximum s t r e n g t h .  A r a t h e r  l a r g e  

v e n t  o f  68  i n c h e s  i n  d i a m e t e r  was i n c o r p o r a t e d  i n  t h e  d e s i g n  t o  

l e s s e n  o ~ e n i n g  s h o c k ,  The p r e v i o u s l y  u s e d  i n t e r n a l  p a r a c h u t e  was 

r e t a i n e d  a t  t h e  same l o c a t i o n  w i t h  r e s p e c t  t o  t h e  P a r a - S a i l  s k i r t ,  

C o n f i g u r a t i o n  80/1-..2 JJ- ( s e e  f o l d o u t  F i g u r e  1 0 ) .  

The i n t e r n a l  p a r a c h u t e  was removed f o r  t h i s  c o n f i g u r a -  

t i o n ,  which  was o t h e r w i s e  s f m i l a r  t o  80A-1. 

9/ R e f e r e n c e s  t o  t h i s  c o n f i g u r a t  I o n  i n  Volume 1, par tScv . la rXy - 
page  1 5  shoul-d i n d i c a t e  C o n f i g u r a t i o n  8OL-2, 



Configurat ion 80~-3 &/ - ( s e e  f o l d o u t  Figure 9). 

The geornet~gr of t h i s  col.if ' igur*atfon was i d e n t i c a l  to 

t h a t  of '  80A-1, D i f f e s e n c e s  *re of a C O M S ~ I - U C ~ ~ O ~  na tu - re ,  in 

which t h e  canopy was I 'abraicated t h r o u g h a u t o o f  b ias  cub loclc 

seam c o n s t r u c t i o n ,  w i t h  c o n t i n u o u s  c i r c u m f e ~ e n t i a l  r e i n f o s c l n g  

t a p e s ,  B i a s  c o n s t r u c t i o n  was accompl i shed  by  c u t t i n g  t r a p e -  

z o i d a l  p a n e l s  on a 45' b i a s  utilizing wlde goods ,  C o n s i d e r a b l e  

m a t e r i a l  i s  w a s t e d  i n  t h i s  manner,  b u t  added s t r e n g t h  i s  t h e o -  

r e t i c a l l y  g a i n e d  I n  t h e  seams. 

C o n f i g u ~ a t i o n  80A-4 - ( s e e  f o l d o u t  F i g u r e  l l ) ,  

Canopy geometry  and r i g g i n g  were i d e n t i c a l  t o  t h e  p re -  

v i o u s  c o n f i g u r a t i o n ,  Two a d d i t i o n a l  deployment  a i d s  were u t i l i z e d  

however ,  These c o n s i s t e d  o f  a n y l o n  s l e e v e  o r  boo t  which t i e d  

a r o u n d  e a c h  g r o u p  o f  s t a b i l i z e r  p a n e l s ,  a s  shown i n  F i g u r e  1 4 5  

and a s k i r t  h e s i t a t o r  bag,  much l i k e  a p e r s o n n e l  p a r a c h u t e  q u a r t e ~  

bag  e x c e p t  t h a t  c l o s u r e  was accompl l shed  b y  means of a  b u t t e r f l y  

l o o p  on a s u s p e n s i o n  l i n e  and a  l o c k i n g  l o o p  on a main seam, i n  

much t h e  same manner as t h e  mi.]-i tary 64 f o o t  d i a m e t e r  c a r g o  pa ra -  

c h u t e ,  t h e  G-12C, T h i s  a r r angement  Is shown i n  F i g u r e  l 4 b ,  I t  

was n e c e s s a r y  t o  i n c r e a s e  s t s e n g t h  o f  t h e  l i n e  a t t a c h i n g  t o  t h e  

" b u t t e r f l y "  i n  o r d e r  t o  accommodate t h e  a n t i c f p a t e d  s t r e s s e s  i n  

o p e n i n g  t h e  h e s t t a t o r  bag c l o s u r e ,  T h i s  c o n f t g u r a t i o n  a l s o  adop ted  

t h e  e l a s t i c  v e n t  hood o f t e n  used  on p e r s o n n e l  p a r a c h u t e s ,  T h i s  

hood i s  compr i sed  o f  a  c y l i n d e r  o f  c l o t h  of' s u c h  s i z e  t h a t  one end 

c o u l d  be  a t t a c h e d  t o  t h e  u p p e r  l a t e r a l  band of  t h e  canopy,  The 

5 Kefesence  t o  t h i s  c o n f S g u ~ a t : ' i o n  I r ?  Volurne E p a ~ t l c ~ l a r l y  
pp 1 5  s h o u l d  i n d i c a t e  C o n f P g u r a t i o n  80L-3, 



o t h e r  end  i s  f l t t e d  with an  elastic c o r d  which  c o n t r a c t s  t o  a dia- 

g+ 

m e t e r  much smaller t h a n  o f  t h e  normal  v e n t  S u t  which  w f l l  also en-= 

l a r g e  under internal canopy pressure, 

C o n f i g ~ l r a t i o n  BOA-5 - (see f o l d o t r t  . F i g u r e .  1 2 )  a 

ThZs c o n f i g u r a t i o n  r e p r e s e n t s  t h e  m o d i f i c a t i o n  o f  ~ O A - E  

P a r a - S a i l  b y  r emova l  of t h e  s t a b i 1 . i z e r  p a n e l s ,  %he i n t e r n a l  p a r a -  

c h u t e  was r e t a i n e d .  a long w i t h  t h e  o t h e r  f e a t u s e s  o f  t h i s  c o n f i g u r a -  

t i o n ,  

C o n f i g u s a t i o n  8 0 ~ - 6  - ( s e e  f o l d o u t  F i g u r e  l 3 ) ,  

The geomet ry  of t h i s  d e s i g n  was i d e n t i c a l  t o  80A-4, The 

8 f o o t  d i a m e t e r  p i l o t / s t a b i l i z e r  p a r a c h u t e  was changed  t o  6  f e e t ,  

The h e s i t a t o r  b a g  o f  80A-4 was e l i m i n a t e d  b u t  t h e  n y l o n  s l e e v e  

o r  b o o t  r e t a i n e d ,  S t a b i L i z e r  p a n e l  r e e f i i ~ g  was added  by a t t a c h i n g  

r e e f i n g  r i n g s  t o  t h e  lower ,  i n s i d e  edge  o f  t h e s e  p a n e l s ,  s o  t h a t  

3 when f o l d e d ,  a 558 pound l i n e  c o u l d  b e  p a s s e d  t h r o u g h  t h e s e  r i n g s  

and an a d j a c e n t  r e e f i n g  c u t t e r  a n d  s e c u r e d  upon i t s e l f ,  I n  t h i s  

manner  $we-separate groups o f  peefed s t a b i l i z e s  p&n&%s wefe formed 

on e a c h  s i d e  o f  t h e  canopy.  Reef ing was s u c h  as t o  p e r m i t  

s t a b i l i z e r  d i s r e e f i n g  two s e c o n d s  p r i o r  t o  skirt d i s r e e f i n g ,  

C o n f i g u r a t i o n  80A-7 - ( s e e  f o l d o u t  F i g u r e  1 3 ) .  

T h i s  c o n f i g u r a t i o n  i s  r e l a t e d  t o  808-4 and 80A-6, The 

h i g h e r  s t r e n g t h  s u s p e n s i o n  l i n e  a t t a c h i n g  t o  t h e  " b u t t e r f l y "  o f  

C o n f i g u r a t i o n  80~-4 was r e p l a c e d  w i t h  a normal  s t r e n g t h  l i n e ,  

The s t a b i l i z e r  p a n e l  r e e f i n g  and  n y l o n  b o b t  were  r e t a i n e d  f rom 

80A-6, The t h r e e  f o r w a ~ d  f a c i n g  s l o t s  i n  t h e  c e n t e r  f r o n t  g o r e s  

near  t h e  s k i r t  were r ieduced i n  a r e a  by attaching a t  t h e  c e n t e r  

t o  a n  a d j a c e n t  c r o s s  searn and  r*efnPorcf l lg  w i t h  a t a p e ,  R e e f l ~ l g  

r i n g  at"cchlr~enl; a t  t h e  s k i r t  was s t r e n g t h e n e d ,  



ConPigurat l .on l i l )~-Si  - ( s e e  f'aldout: F ig r im 3.3) 

Only  rnlnor changes In c o n s t ~ u c t i n n  a n d  si .gg%ng o c c u r r e d  

i n  % h i s  configuration, Thcse changes  c o n s i s t e d  o f  an  i n c r e a s e  

i n  d iameter  and strength of' t h e  elastic v e n t  c o r d ,  t h e  addition 

o f  a r e i n f o r c i n g  band between p a n e l s  1 0  and 1% and a-n i n c r e a s e  

En t h e  t e n s i l e  s t r e n g t h  o f  t h e  r e e f i n g  l i n e ,  

The most n o t a b l e  C.!ha,~ge i n v o l v e d  t h e  manner of  i n -  

s t a l l i n g  t h e  r e e f l n g  l i n e ,  I n  t h i s  c o n f i g u r a t i o n ,  t h e  l i n e  was 

p a s s e d  d i r e c t l y  t h r o u g h  t h e  r i n g s  on t h e  g o r e s  a d j a c e n t  t o  t h e  

s t a b i l i z e r  p a n e l s ,  t h e  remainder  o f  t h e  l i n e  be ing  e v e n l y  d i s -  

t r i b u t e d  among t h e  g o r e s  fore and aft of  t h e  s t a b i l i z e r  p a n e l s ,  

S t a b i l i z e r  p a n e l  r e e f i n g  and boot  weye r e t a i n e d  f r o n  

t h e  p s e v i o u s  c ~ n f ~ g u r a t i o n ,  F i g u r e  15 i l l u s t r a t e s  t h e  manner 

i n  which r i g g i n g  and deployment a i d s  were employed t o  c o n t r o l  

o p e n i n g ,  

C o n f i g u r a t i o n  80A-9 ( see  f o l d o u t  F i g u r e  1 3 )  

T h i s  conf igura . t ion  i s  e s s e n t i a E l y  t h e  same as  t h a t  sf 

80A-8 w i t h  t h e  o n l y  m o d i f i c a t i o n  b e i n g  t h e  change from ny lon  t o  

c o t t o n  webbing o f  t h e  s t a y  Line c o n n e c t i n g  apex  o f  i n t e r n a l  

p a r a c h u t e  t o  apex of  Para-Sail ,  

T h i s  c o n f i g u r a t i o n  was u t i l i z e d  i n  c o n d u c t i n g  t u r n  

t e s t s  and was a d d i t i o n a l l y  m o d i f i e d  i n  t h e  f o l l o w i n g  manners: 

Est Approach 

a )  An 8  f o o t  d i a m e t e r  p i l o t  c h u t e  was s u b s t i t u t e d  

f o r  one of 6 f o o t  d i a m e t e r  because of low d r o p  s p e e d s ,  

b )  A l l  t u r n  s l o t s  on one side o f  " L h e  canopy were 

c l o s e d ,  I n  s o  d-ofng a radial sllt remained, 'hut. w i t h  fullness 0 * a  



being gathered and stitched to the main sea21 below the s l o t .  In 

accompl i sh ing  this, loops attached to each slot pane l  were s ecu red  

t o  t h e  mafn seam, A t o t a l  of  t w e l v e  p a n e l s  were c l o s e d  i n  t h i s  

marine R" P 

2nd Approach 

a )  An 8 f o o t  d i a m e t e r  p i l o t  chu te  was s u b s t i t u t e d  f o r  

one sf 6 f o o t  d i a m e t e r  b e c a u s e  o f  low d r o p  s p e e d s ,  

B b) F o r  e a c h  o f  t h e  two r o w s . o f  s l o t s  on one s i d e  o f  

t h e  canopy,  a n y l o n  c o r d  j o i n e d  a t  t h e  v e n t  o f  t h e  P a r a - S a i l ,  

was passed t h r o i g h  t h e  i n s i d e  o f  t h e  canopy,  a t t a c h i n g  t o  t h e  

c o n n e c t o r  L i n k s ,  i t s  1.ength b e i n g  equal  t o  t h e  s t r e t c h e d  o u t  

l e n g t h  of canopy  and s u s p e n s i o n  l i n e s .  S t l t c h e d  i n  t h e  c e n t e r  

of e a c h  t u r n  s l o t  p a n e l  was a t a p e ,  b e g i n n i n g  a t  t h e  Zeadfng 

edge and ex t end ing  a short d i s t a n c e  beyond t h e  t r a i l i n g  edge,  

t e ~ m i n a t l n g  in a s m a l l  r e e f i n g  r i n g ,  Each o f  t h e  nylon c o r d s  

ment ioned above p a s s e d  t h r o u g h  t h e s e  rings. F i g u r e  1 6  i l l u s t r a t e s  

t h e  manner i n  which t h i s  s y s t e m  i s  arranged,  
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3 4 2 rra~ns - Bescriptisn of  T e s t  Pro[; 

I n  the c o u r s e  of develo l jn@nt  of t h e  Para-Sail pzrach~tc 

a number o f  i n v e s t l g a t l v e  d r o p  test progsams were pe~f ' o rmed  in 

a d d i t i o n  t o  t h e  p r i m a r y  program a t  t h e  J o i n t  Pasachuts Test 

F a c i l i t y ,  These i n c l u d e d  a series sf p r c l d m l n a r y  f u n c t i o n a l  

t e s t s  per fosmed by t h e  C o n t r a c t i i ~ g  Agency i n  Houston,  Texas  and 

s u p p l e m e n t a l  d-rop t e s t s  w i t h  sma.1'1 Para.-Sails ,  by b o t h  t h e  Xanned 

Space  Craft  C e n t e r  and t h e  c o n t r a c t n r ,  as a n  a i d  i n  t h e  s o l u t i a n  

t o  deployment  p rob lems ,  A l l  o f  t h e  r e s p e c t i v e  programs a r e  d i s -  

cussed  i n  t h e  follow in^ w i t h  emphas i s  on t h e  p r i m a r y  testing a t  

t h e  J o i n t  P a r a c h u t e  Test  F a c P l % t y ,  R e f e r e n c e s  2 and  3 c o n t a i n  

a d d i t  h n a l  ina'ornlat5.on r e l a t e d  t o  t h e s e  t e s t  programs and o t h e r  

a s s o c i a t e d  t e s t s ,  

P r e l i m i n a r y  F u n c t i o n a l  Tests  

These t e s t s  were  performed w i t 1 1  a f u l l  s i z e  80 f o o t  

d i a m e t e r  Para-Sail  by t h e  N a t i o n a l  A e r o n a u t i c s  and Space Admini-  

s t r a t i o n ,  Manned Space C r a f t  Cente r ,  a t  C a l v e s t o n  Bay and San 

Marcus,  Texas t e s t  s i t e s ,  The purpose  of t h e s e  t e s t s  was o r i g i n -  

a l l y  sf a f u n c t i o n a l  n a t u r e ,  being o n l y  a p o r t i o n  o f  an in-house  

program by t h e  C o n t ~ a c t l n g  Agency, However, as d e p l o y n ~ e n t  and 

i n f l a t i o n  d i f f i c u l t i e s  were e n c o u n t e r e d  t h e  o b j e c t i v e s  became 

d e v e l o p m e n t a l  i n  k i n d ,  E leven  s u c h  t e s t s  were conducted  b e f o r e  

s u f f i c i e n t l y  s a t i s f a c t o r y  i n f l a t i o n  c h a r a c t e s i s t f e s  were ex- 

h i b i t e d  t o  i n d i c a t e  t h a t  safe r e c o v e r y  o f  a t e s t  v e h i c l e  c o u l d  

be  a n t i c i p a t e d ,  A t  s u c h  t i t ~ ~ e  t h e  p r i m a r y  t e s t  program was t h e n  

commenced a t  t h e  J o i n t  P a r a c h u t e  Tes t  F a c i l i t y  b y  t h e  contraeto~, 

The f i r s t  d r o p  t e s t  of' t h i s  px-elimiwary s e ~ * i e s  u l t h  

P a r a - S a i l  80It--E was s u @ e e s s f u % ,  D e p l ~ g m e n t  speed and v e h i c l e  



weight  were bow, Opening was somewhat e r r a t i c  b u t  ncverthaless 

s a t i s f a c t o r y ,  mow eve^-, 2% was on subsequen t  t e s t s  t h a t  d l f f ' l -  

c u l t  ice were encotr,n%es:.ed, These yr-uh.lems were cen te red  , a ~ c > u n d  

t h e  unsymnet~$eal j - n r l a t i o n  cha~aeteristics o f  the  Pa ra -Sa i l ,  

L e e , - t h e  tendency o f  the l e a d i n g  surface sf the canopy to b e  

blown, o r  sucked,  back  a g a i n s t  t h e  s l o t t e d  t ~ a i l i n g  s u r f a c e  of 

t h e  p a r a c h u t e ,  I n  some i n s t a n c e s  t h % c  c o n d i t i o n  was s o  sevepe 

t h a t  c l o t h  entanglement  with t h e  c e n t e r  su spens ion  l i n e  would  
* 

r e s u l t ,  k t y p i c a l  m a l € u n c t i o n  o f  t h i s  na tu re  is shown i n  

A number of msdif$eatfons $ 0  t h e  i n i t i a l  d e s i g n ,  80E-1 

f o l l o w e d  I n  an a t t e m p t  t o  retnedy t h e  d i f f i c u l t i e s ,  

l e a d i n g  s u r f a c e  were c l o s e d ,  I n  an effszat t o  ~ e t a i n  a i r  pressure . 

in the f r o n t s a c t i a n  o f  t h e  canopy and Induce  an outward  m s t i b n ,  

The l e a d i n g  edge o f  t h o  canopy was t r i r&ed back ( l e e .  

c % o t h  removed) t o  a ~naximum sf' 40 i n c h e s  above t h e  lower  l a t e r a l  

band, Wind tunnel.  e x p e r i m e n t s  p e r f o ~ m e d  p r i o r+  t o  t h i s  c o n t r a c t  

had shown. these  ~ n a d i f i e a t % s n s  t o  i n c r c a a e  angle  of a t t a c k ,  as &-.a- 

p o r t e d  in Volume 9, It was a l so  t h e o r i z e d  t h a t  reduced f r o n t a l  

s k i r t  d rag  area would d e c r e a s e  t h e  EoFces t e n d i n g  t o  p r e v e n t  i t s  

outward mot ion ,  There was some indication QI t h e  co r rec tness  QP 

t h i s  t h e o r y  when t h e  modP%%cation was i n c a ~ p s ~ a t e d  % n t ~  much 

s m a l l e r  ParaeSaPLs, however, l i t t l e  improvement c o u l d  be  n o t e d  

with t h e  f u l l  s ize  Fara-Sail, 

A crown s t a b i l % z a t % o n  p a r a c h u t e  was added which con- 

t r i b u t e d  t o  a more o r d e r l y  deployment b u t  d i d  nc-i"cn~p~ove i n -  

flation c h a ~ a e t e ~ f s t k c ~  appreciably, 



Attempts  were made t o  ~ e e f  t h e  real*, slotted s u ~ f a c e  

(-3 o f  t h e  canopy,  t o  r e d u c e  its ePfeetLver less  in pr*oduchg  g l i d e  

d u r i n g  i n f l a t i o n ,  and t o  r e t a i n  p r e s s u r e ,  b u t  t hese  s t e p s  also 

were u n s u c c e s s f u l ,  

The most n o t a b l e  improvement i n  canopy i n f l a t i o n  se- , 

s u l t e d  from t h e  i n t s o d u c t i s n  o f  a n  i n t e ~ n a l  p a r a c h u t e  i n t o  t h e  

i n l e t  o r  mouth of t h e  P a r a - S a i l  canopy.  R e f e r e n c e  4 and. o t h e r  

u n p u b l i s h e d  souyces  i n d i c a t e d  t h a t  t h e  i n t e r n a l  p a r a c h u t e  had 

a v e r y  marked e f f e c t  i n  r e d u c i n g  opening t i m e  w i t h  l i t t l e  o r  no 

i n c r e a s e  i n  open ing  shock.  T h i s  was a l s o  s u b s t a n t i a t e d  i n  wind 

t u n n e l  t e s t s a f  model P a r a - S a i l s  ( s e e  Volume I), I n  p r e ~ i 0 L l s  t e s t s  

where in  f u l l  i n f l a t t o n  had been a c h i e v e d ,  open ing  t i m e s  wese i n '  

t h e  o r d e r  o f  1 8  - 20  s e c o n d s ,  I n c l u s i o n  o f  t h e  i n t e r n a l  papa- 

c h u t e  r educed  open ing  t i m e  t o  1 0  - 12 seconds  and produced a more 0 ,  -*F 

o r d e r l y  i n f l a t i o n ,  a l t h o u g h  a g r e a t  need f o r  improvement was s t i l l  

i n d i c a t e d *  

I n  c o n j u n c t i o n  w i t h  t h i s  ~ n o d i f i c a t i o n ~ c o n v e n t i o n a l  

pocke t  opening bands  were added t o  t h e  g o r e s  of' t h e  f o r w & ~ d  s u r -  

f a c e  and s u s p e n s i o n  l i n e  l e n g t h  i n c r e a s e d  t o  a p p r o x i m a t e l y  one Do. 

The e f f e c t  o f  t h e s e  modif ica .e ions  on open ing  c o u l d  n o t  be  a s c e s -  

t a i n e d  s i n c e  i n  a l l  p r o b a b i l i t y  t h e  i n f l u e n c e  o f  t h e  i n t e r n a l  

p a r a c h u t e  was much g r e a t e r .  However, t h e  o v e r a l l  e f f e c t  produced 

r e s u l t s  ~ h i c h  were d e s i r a b l e ,  even though t h e  approach  may n o t  . 

have been s y s t e m a t i c ,  

It had been n o t e d  from drop  t e s t  fSZrns t h a t  d u r i n g  

t h e  r e e f e d  s t a t e  t h e  s l o t t e d  rear s u r f a c e  of t h e  canopy would 

i n f l a t e  and t h e r e b y  r a i se  t h e  lower l a t e r a l  band in t h a t  s e c t i o n  

above t h e  r e m a i n d e r  o f  t h e  s k i r t  i n  t h e  l e s s  infZa. ted p o r t i o n s .  

- 32 - 



It was t h e o r i z e d  t h a t  b y  foreshortening t h e  Peas risers t h e  >row 
PC3 

($ per arnounb t h e  canopy s k i r t  c o u l d  be  k e p t  mare or l e s t ;  even  

and t h a t  gl%de would b e  ~ e d u c c d ,  t h e y e b y  e f f e e Q % n g  improved 

i n f E a t i s n  of t h e  fr*sr%t s e e t i o n ,  A r e l e a e e  was p s e v i d e d  "i; ex-  

t e n d  t h e s e  r i s e r s  t o  f u l l  l e n g t h  a f t e r  i n f l a t L o n  k?aa ach ieved ,  

The r e s u l t s  of t h i s  m o d i f i c a t i o n  were no t  c o n c l u s i v e ,  

I n  view sf t h e  u n d e s i ~ a b i e  e f f e c t 8  normably a ~ s s c i a t e d  

with am uneven pa rachu te  s k i r t ,  t h e  s i z e  o f  s t a b i l i z e r  pane l s  

was redueed d r a s t i c a l l y  i n  an  a t t empt  $ 0  i m p ~ o v e  t h i s  s i t u a -  

t l s n ,  The r e s u l t s  sf this change could not  b e  a sce r t a ined  

adequa t e ly ,  but it  i s  l i k e l y  t h a t  a h i g h e r  degree  of reliability 

was produced w i t h  t h e  p a ~ t i e u l a r  c s n f i g u ~ a t b o n ,  

Of  t h e  rnodiffcatLons d i s cus sed ,  a l l  bu t  t h e  r e e f i n g  

of t h e  r e a r  s e c t f o n  were adopted,  Convent ional  s k i r t  r e e f i n g  
@ 

was axso i n c o r p o r a t e d ,  

S u f f i c f e n t  r e l i a b i l i t y  a t  low speed and l e s s  t h a n  maxf- 

mum payload weight  was demonstra ted i n  t h r e e  t e s t s  p r i o r  t o  be- 

g i n n i n g  t h e  Primary Tes t  Program a t  t h e  J o i n t  Parachute  Tes t  

F a c i l i t y .  It was wi th  t h e  c o n f i g u r a t i o n  8 0 ~ - 2 ,  evolved through 

t h e  e f f o r t s  of  t h e  P re l imina ry  Program, t h a t  t h i s  work eom- 

menced. 

P r i m a r y  Developmental T e s t s  

I n  August o f  1963 t e s t  work was i n i t i a t e d  a t  t h e  J o i n t  

Parachute  T e s t  F a c i l i t y  through t h e  6511th T e s t  Group under  l o c a l  

p r o j e c t  LIC 9211. O r i g i n a l l y  a t e s t  program i n  accordance  with 

Reference 5 was a n t i c i p a t e d ,  w i th  a t o t a l  of' 1 8  t e s t s ,  In- 

cluding c l u s t e r  dep loymen t s .  However, w i t h  a c t u a l  t e s t  expel - ience  

of t h e  P a m - S a l l  came t h e  realization t h a t  t h e  scope of such  



a prsgpam was beyond physical capal?.$. l i ty  sf the p a ~ a c h m t e  vwfae..f: 

t h e  f o ~ e s e e a b l e  f u t u r e  sf t h e  progrzm, And also s i n c e  apace  

c r a f t  requ i rements  had  changed,  a r e v i s p d  program in acee rda r=e~  

w i t h  Amend~nent 3 sf Reference % was issue@ by the Can t sac t i s - i~  

Agency, 

I n  t o t a l ,  20  d r ~ p  t e s t s  summarized i n  T a b l e  I, were 

p e r f o r ~ i e d  under  t h i s  c o n t r a c t .  ~ h l s  number o f  t e s t s  inc l l idac  

f a i P u ~ e s  and s i d e  l i n e  i n v e s t i g a t i o n s  p e r t a i n i n g  $a t h e  e f f e c r  

&sf i n t e r n a l  p a r a c h u t e  and s t a b t l i z e r  p a n e l s , .  

T h i s  s e c t i o n  s h a l l  p r e s e n t  t h e  o b j e c t % v e s  and o b s e r ~ ~ -  

% i o n s  of each of' t h e  twen ty  t e s t a ,  Tkeae  obse rva t ions  might  

n o r m a l l y  be i n c l u d e d  w i t h  r e s u l t s ,  b u t  because 0% t h e i r  Sn- 

f l u e n c e  an  fo%%owfng t e s t s  t h e y  a re  p re sen t ed  w i t h  t h e  ab,ject2?es 

f o r  t h e  p u r p o s e  o f  c o n t i n u i t y ,  

T e s t  Number: l 

C s n f i g u ~ a t i s n  80L-2 

Objeetfves:  To s t u d y  deployment and $ n f % a t i o n  c h a ~ a c t e s i s t i c e  

and t o  e v a l u a t e  s t e a d y  s t a t e  p e ~ f s r m a n c e ,  

T e s t  C o n d i t i o n s :  Weight - 3,782 Pounds 

Speed - 119 K I A S  

A l t i t u d e  - 4,950 Feet 

O b s e ~ v a t i a n s :  The t e s t  was s u c c e s s f u l ,  The canopy e x h i b i t e d  a 

s low l e f t  t u ~ n ,  Minor b u r n  damage was n o t e d  in severa l  p a n e l s ,  

S a t i s f a c t o r y  d i s r e e f e d  opening was o b s e r v e d ,  The p i E ~ t  c h u t e  

c o l l a p s e d  afteas r e e f e d  open ing  as was i n t e n d e d  b y  t h e  o lnfss ion  of' a 

s i n g l e  c o n f l u e n c e  p o i n t ,  (See F i g u r e  7 ) ,  The purpose  sf t h i s  

r iggEng  was t o  p r e v e n t  t h e  p i l o t  c h u t e  from r e t a p d i n g  i n f l a t i o n  o f  0 
t h e  f o r w a ~ d  s u r f a c e  d u r i n g  g l i d e  w h i l e  i n  t h e  reefed s t a t e ,  kowevep, 
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a t u c k  was s t L L L  n o t e d  Sn the f o r w a ~ d  s u r f a c e  of the crown, 

Objec t ives :  To f u ~ t h e r  s t u d y  deployment t%nd in$%a%ion  sha~actey- 

i s t i e o  and t o  eva lua te  s t eady  s t a t e  performance, 

T e s t  C o n d i t i o n s :  Weight - 3,740 Pounds 

Speed -, 120  K E A S  

A l t i t u d e  - 5,620 Feet 

O b s e ~ v a t S s n s t  The t e s t  was success fu%,  A t u c k  was n o t e d  i n  t h e  

fo rward  surface sf t h e  crown o f  t h e  peefed canopy,  Hear r i a e r a  

were ria el eased a t  28  seconds  t he reby  e x t e n d i n g  to f u l l  l e n g t h ,  

S t i t c h i n g  on t h e  p i l o t  c h u t e  b r i d l e  f a i l e d  a t  t h e  bag connection; 

t h e  p i l o t  chute was r e t a i n e d  however, The s t r s l n  l i n k  f a i l e d  

and f o r c e  d a t a  was not a v a i l a b l e ,  

Tes t  Number: 3 

Conf i g u r a t  f on: 80%-3 

O b j e c t i v e s :  To f u r t h e r  s t u d y  deployment and i n f l a t i o n  character- 

f s t f e s  and t o  evaluate  steady s t a t e  performance,  

Test Cond i t i ons :  Weight - 4,998 Pounds 

Speed - 3.20 KEAS 

A l t i t u d e  - 5is080 F e e t  

Obse rva t i ons :  The t e s t  was u n s u c c e s s f u l .  The r e a r  r i s e r s  f a t l e d  

a t  r ee fed  open ing ,  a t  t h e  p o i n t  of a t t a c h m e n t  t~ t h e  re lease  

dev ice ,  The rear  r i s e r  was h u r l e d  p a s t  t h e  canspy and en- 

t a n g l e d  w i t h  the p i l o t  c h u t e ,  The r e e f i n g  Sine  t h e n  f a f l e d ,  



The year  of the canopy was s e v e r e l y  damaged, Measured o p e n i n g  

l o a d s  were excess ive ,  belnzg 17,600 . p o u r ~ d s ,  

T e s t  Number: 4 

C o n f i g u r a t i s n :  80L-4 

O b j e c t i v e s ;  Repeat  o f  T e s t  Number 3 ,  

T e s t  Cond i t%ans :  Weight - 4,998 Pounds 

Speed ,== 120 ICPAS 

A l t i t u d e  - 5,600 Fee t  

ObservatSons:  The t e s t  was u n s u c c e s s f u l ,  A f t e r  sys tem s t r e t c h  

s t i t c h i n g  t a i l e d  I n  p i l o t  c h u t e  b r i d l e  a t  t h e  a t t a c h m e n t  t o  t h e  

deployment bag, r e s u l t i n g  i n  a b r i d l e  f a i l u s e  and a l l o w i n g  t h e  

m u l t i p l e  crown b r i d l e  t o  rebound i n t o  t h e  canopy apex ,  Vent 

1Znes t h e n  f a i l e d ,  p e r m i t t i n g  t h e  crown t o  f u l l y  d e p l o y ,  s i n c e  

it was no l o n g e r  r e t a i n e d  b y  t h e  c e n t e r  s u s p e n s i o n  l i n e ,  A t  

t h i s  i n s t a n t  s p l i t  g o r e s  developed and suspens ion  lines began 

t o  s e p a r a t e  u n t i l  t h e  canopy was f r e e  from t h e  v e h i c l e  and 

s u s p e n s i o n  sys tem,  

T e s t  Number: 5 

Cof i f igura t ion t  80A-1 

O b j e c t i v e s :  To s t u d y  deployment and i n f l a t i o n  c h a r a c t e r i s t i c s  

and e v a l u a t e  s t e a d y  s t a t e  performance  sf a  P a r a - S a i l  w i t h o u t  a 

center s u s p e n s i o n  l i n e ,  

Test  Candit hons : Weight - 2,785 Pounds 

Speed - 1 2 0  KIkS 

A l t i t u d e  - 5,000 Feet  



O b s e r v a t i n n s :  The t e s t  was successful. However, the fo rma t ion  

of an i n f l a t e d  apex  was s low. The  tendency s f  t h e  s t a b i l i z e r  - 

p a n e l s  t o  I n f l a t e  in t h e  r e e f e d  s t a t e  was no t ed .  They attempted 

t o  p u l l  t h e  s k i r t  outward, but were r e s t r a i n e d  b y  t h e  r e e f i n g  

T e s t  Number: 6 

" C o n f f g u r a t i o n :  80A-1 

O b j e c t i v e s :  To s t u d y  deployment and i n f l a t i o n  c h a r a c t e r i s t i c s  

and t o  e v a l u a t k  s t e a d y  s t a t e  performance .  I n  p a r t i c a l s r  i t  was 

d e s i r e d  t o  a s c e r t a i n  t h e  e f f e c t  o f  a change i n  r ee f ing  l i n e  Length h, 

T e s t  ~ o n d i t i o n s  : Weight - 2,785 Pounds 

Speed - 120 KIAS 

A l t i t u d e  - 5,035 P e e t  

O b s e r v a t i o n s :  The t e s t  was s u c c e s s f u l ,  B e t t e r  reefed i n f l a t i o n  

c h a r a c t e r i s t i c s  were n o t e d  due t o  an i n c r e a s e d  r e e f i n g  c i r c l e  d i a -  

m e t e r ;  however,  t h e  need f o r  improvement was i n d i c a t e d ,  Disreef ing  

was more e r r a t i c  t h a n  p r e v i o u s l y  n o t e d $  

T e s t  Number: 7 

Conf'i guyat  f on : 808-2 

O b j e c t i v e s  : To s t u d y  deployment and i n f l a t i o n  c h a r a c t e r i s t i c s  

of t h e  " A t t  t y p e  of Para.-Sail  w i t h o u t  i n t e r n a l  p a r a c h u t e .  

Tes t  C o n d i t i o n s :  Weight - 2,775 E'ound~ 

Speed - 120 K I A S  

A l t i t u d e  - 4,930 P e e t  

Observations: The t e s t  was s u c c e s s f u l ,  The canopy f i l l e d  0 -< 

q u i c k l y  i n  t h e  r e e f e d  s t a t e ,  b u t  appeared v e r y  uns table  and 



f l u t t e r e d  v i o l e n t l y ,  The skirt was ve ry  d2 s s r d e s l y  , The g e n @ ~ a l  

Bppearanee wa8 n o t  as good as w i t h  t h e  i n t e r n a l  c h u t e ,  Disreefed 

opening time was increased vesy sign%f%@cnt%y, 

Te8t Nurabsr: 8 

Csnfigu~atBsn: 808-1 

O b j s e t i v s e :  Ta s t u d y  deployment and $ n f b a t f s n  ehsracteristfcs 

and evaluate steady s t a t e  pes f s r~aance ,  A g p e e i f i c  o b j e c t i v e  was 

t o  h a ~ n  t h e  e f f e c t  an opening o f  an i n c ~ e a ~ e  i n  deployment 

a l t i t u d e ,  

B b a s ~ v a t $ o n w :  The w&@ g u o a e s e f u l ,  Tha ~ s e f e c i  f n f l a t i o n  

shape was a t t a i n e d  quickly and smoathly,  passibly ~ccounting i n  

p a r t  f a r  a higher s a s f e d  opening f o r c e ,  .The canopy and 8 k % ~ %  

  ha pa were goad,  

T e a t  Nuixbero 9 

Coa%f%gur~ation.t 86A-1 

Objaa%;f veg 8 'So. etardp d@p%oymant and in%%at;f su% okasliaete~$slf c8,  

evaluate steady s t a t e  p @ ~ f e ~ n ~ a n e a ,  and t s  a s s a ~ t a i n  t h e  e f f e c t  

on t keaa  by &n $nat*sase in payload weigh t ,  

% @ a t  C a n d i t i s n e :  Walgkt 3 e 8 8 Q  Pounds 

Speed su alp KZAS 

Al t%$uda  = 10,590  F e o t  

Q b s e ~ u a t % s n ~  : The t ~ ~ t  wag uwguaoemeful, P r i o r  t o  r @ s f @ d  $rifle- 

t i a n ,  a group sf e t a b i % i s @ r  pan~ls p g h ~ ~ d  un6sp t h e  e k i s t  o f  t h e  
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ctl,nopy oaa t h e  a p p o s i t e  side from wl-aer7e a"c;%achetl,and i n f l a t e d  i n  

(-3 
e ,xi" 

t h i s  p o s i t i o n ,  drawing rnore sf t h e  canopy  th rough  and fo~ming 

%n inflated I s b e ,  This was essentially a p a r t j a 9  f n v e ~ s i o n  

t y p e  of malfunction, Upon disruefing s u s p e n s i o n  Line f a i l u s e s  

o c c u r r e d  and t h e  canopy was d e s t r o y e d ,  

. 2 , 2 , 1 0  T e s t  Number: 1 0 ,  

C o n f i g u r a t i o n :  80A-3 

O b j e c t i v e s :  To s t u d y  deployment and ' n f l a t i s n  c h a ~ a e t e r t s t i c s  

and evabu-ate s t e a d y  s t a t e  performance  and to a s c e r t a i n  t h e  e f f e c t  

of a n  i n c r e a s e  i n  payload we igh t ,  I n  a d d i t i o n  it was d e s i r e d  t o  

l ea rn  if' ~ e v f s e d  pack ing ,  a c h i e v e d  by s p a c i n g  and t a c k i n g  t h e  

r e e f i n g  l i n e  a t  each r i n g ,  and b y  a p p l y i n g  l i g h t  b s e a k  t i e s  

around t h e  f o l d e d  s t a b i l i z e r s ,  would c s n t s o b  t h e  deployment 

-- 0 problems a s s o c i a t e d  w i t h  t h e  b a s t  t e s t ,  

T e s t  C o n d i t i o n s :  Weight - 3,860 Pounds 

Speed - 119 KIAS 
. , 

A l t i t u d e  - 10,600 F e e t  

O b s e r v a t i o n s :  The t e s t  was s u c c e s s f u l ,  The deployment and i n -  

f l a t i o n  a p p e a r e d  normal .  S t a b i l i z e r s  were n o t  obse rved  t o  p re -  

i n f l a t e ,  A s l i g h t  t u c k i n g  i n  t h e  f r o n t  o f  t h e  canopy was n o t e d  

i n  t h e  r e e f e d  s t a t e .  Forces  were h i g h e r  t h a n  t e s t  number 8 ,  as 

e x p e c t e d ,  

T e s t  Number: 11 

C o n f i g u ~ a t i o n :  808-3  

0 O b j e c t i v e s :  To a n a l y z e  depl-oyment and i n f l a t i o n  character%s$ics 
za 

and e v a l u a t e  s t e a d y  s t a t e  pe r fo rmance ,  It was i n t e n d e d  a l s o  t o  



s t u d y  t h e  e f f e c t  on t h e s e  psopestlcs sf at% Lncrease i n  pag?$aad 

weight and a s l i g h t  reductlun in r e e f i n g  l i n e  Length,  The s t r e n g t h  

of t i e s  around t h e  s t a b $ l i z e r  panels was i n c r o z s e d  t o  p ~ o v i d e  a 

more p o s i t i v e  yetention arad the ef' l"ect$vcness sf t h i s  p rocedure  

was t o  be  evaluated, 

Test Conditions : Weight - 140756 Pounds 

Speed BJ 3-20 K I A S  

b A l t i t u d e  - 1 0 , 6 0 0  Feet 

Observations: The test was u n s u c c e s s f u l ,  A canopy malfunction 

occurred, As in T e s t  Number 9 ,  a group of s t a b i l i z e r  p a n e l s  

appeased t o  pass under  t h e  o p p o s i t e  s ide  canspy  sk i r t  and f n @ % a t e ,  

p r i s ~  to t h e  canopy b e i n g  comple'celg witladrawn from the dep loy-  

ment bag,  Again, t h i s  maEfunctSsn a p p e a ~ e d  to be t h e  stas& of a 

partial inversion, a small l o b e  b e i n g  formed by t h e  s tabL%$zcr  

p a n e l s  and a p o r t i o n  o f  t h e  adjacent skirt, At d i s ~ e e f i n g ,  sus- 

pension l i n e s  f a d l e d  and several split gores  deve loped  along 

with numerous o t h e r  rips, The canspy did retain sufTicfent in- 

flation for the vehicle t o  be recovered a t  a high rate o f  

descent, These r e s u l t s  indieate that s t a b i % f z e r  control and re- 

s t r a l n t  were ineffective, 

Test Number: 1.2 

C o n f i g u r a t i o n :  808-4 

Objectives: To a n a l y z e  deployment  and k n f  lat%on ch&racterist%cs 

and evaluate s t e a d y  state performance und.er increased pay load  

weight, A s p e c % f % c  o b j e c t i v e  was t o  s t u d y  the e f f e c t i v e n e s s  o f  

c o n t r o l l i n g  t h e  s t a b i l i z e r  p a n e l s  dul-ing i n f l a t i o n  b y  t h e  use o f  

spec i a l  deployment aids consisting sf a s k i r t  h e s i t a t o r  bag and a 



s l e e v e  encas ing  each o f  t h e  f o l d e d  s t a b i l i z e r s ,  

6? - s~ T e s t  C o n d i t i o n s  : Weight 4,755 Pounds 

Speed sw l20 'K:EAS 

A l t i t u d e  -. 10,600 Pee t  

O b s e r v a t i o n s :  The t e s t  was s u c c e s s f u l ,  Nsrrr!al i r a f l a t i o n  was 

n o t e d ,  The h e s i t a t o r  bag came f r e e  a t  slal.r'c erneygence from bag, 

r a t h e r  t h a n  a t  sys tem s t r e t c h  as i n t e n d e d ,  due t o  u n a n t l c i p a t c d  

. h i g h  a c c e l e ~ a t i o n  forces  a t  s k i ~ t  erne,rgence From the depl.oyment 

bag ,  The canopy had a c q u i r e d  p a r t l a %  r e e f e d  i n f l a t i o n  when t h e  

s t a b i l i z e r  p a n e l s  emerged from ehe encasing s l eoveb  Kswever, 

s t a b i l i z e r s  d i d  n o t  i n f l a t e  w h i l e  t h e  canopy was i n  t h e  reered  

c o n d i t i o n ,  Although t h e  t e s t  was s u c c e s s f u l ,  t h e  method o f  

s t a b i l i z e r  c o n t r o l  d i d  n o t  f u n c t i o n  a s  prmoposed and needsd 'addi-  

t i o n a l  development ,  

3 , 2 , 2 , 1 3  T e s t  Number: 1 3  
p- 

C o n f i g u r a t i o n :  80A-5 

O b j e c t i v e s  : To a n a l y z e  deployment and i n f l a t f  on c h a r a c t e r i s t i c s  

and e v a l u a t e  s t e a d y  s t a t e  performance  of  a P a r a - S a i l  w i t h o u t  

s t a b i l i z e r  p a n e l s ,  T h i s  experlrnent  was c o n s i d e r e d  wor thwhfle  

i n  view o f  t h e  deployment d i f f f c u l t $ e s  r e l a t i n g  t o  t h e s e  p a n e l s ,  

T e s t  C o n d i t i o n s :  Welght - 2,820 Pounds  

Speed - 120 K E A S  

A l t i t u d e  - 10,600 P e e t  

O b s e ~ v a t i o n s :  The t e s t  was s u c c e s s f u $ ,  Deployment and i n f l a t i o n  

were good, The canopy had a s a t i s f a c t o r y  s h a p e ,  The f u l l y  i n -  

0 S l a t e d  canopy was v e r y  s t a b l e  and e x h f b l t e d  a sbo'w r i g h t  t u r n ,  

An unusua l  phenomenon was observed d u r f n g  the s t e a d y  s t a t e  descen t  
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3-n % h a t  a ~ a d 3 ~ - 1  t u c k  or fold was n o t e d  in t h e  l e a d i n g  s v ~ f a c e  

of t h e  canopy nk5ar t h e  skirt, as shown $n F%gure 18, Examirlat ion 

of  t h e  t e s t  .Ea;cln d i s c l o s e d  no d c r " i c 2 e n e i e s  i n  line l e n g t h s  or any 

%ndi~ea"c$on of' a c t u a l  f o u l i n g  o f  t h e  r e e f i n s  I%neB A p o s s i b l e  

c a u s e  of th is  o c c u r r e n c e  is d % s e u s s e d  f u r t h e r  f n  S e c t i o n  4=3.1, 

3 , 2 , 2 , b %  Test  Number: 14 

C o n f d g u r a t l o n :  8 0 ~ - 6  

O b j e c t i v e s :  To a n a l y z e  deployment  and f n f % a t i o n  c h a r a c t e r i s t i c s  

and e v a l u a t e  s teady  s t a t e  p e r f o r m a n c e ,  A d d i t i o n a l l y ,  i t  was i n -  

t e n d e d  t o  a p p r a i s e  a n o t h e r  method of s t a b i l i z e s  r e t e n t i o n  by 

means of r e e f i n g  ( s e e  s u b - s e c t i o n  3tl,10), s i n c e  t h e  h e s i t a t o r  

b a g  and  s l e e v e s  h a d  n o t  p r o v i d e d  sufficiently p o s i t i v e  contso.3. 

i n  T e s t  Number 1 2 ,  
-*. 0 T e s t  C o n d i t i o n s :  Weight - 4,750 Pounds 

Speed - 140 K L A S  

A l t i t u d e  - 10,600 F e e t  

O b s e r v a ~ i o n s :  The t e s t  was u n s u c c e s s f u l ,  The canopy dep loyed  

and opened b u t  w i t h  heavy damage, T e s t  f i l m s  r e v e a l e d  t h a t  

reefing r i n g s  on g o r e s  27 t h r o u g h  46 were p u l l e d  f r e e  from t h e  

canopy s k i r t  p r i o r  t o  f u l l  r e e f e d  o p e n i n g ,  )fain seam number 36 

and  line number 38 were b roken .  Two g o r e s  were s p l i t  f rom crown 

r e i n f o r c i n g  band t o  v e n t ,  

Brenlc c o r d s  r e t a i n d n g  s l e e v e s  o v e r  s t a b i l i z e r  p a n e l s  

b r o k e  a f t e r  d i s r c e f i n g  and a l l o w e d  s t a b i l i z e r s  t o  i n f l a t e  p r o p e r l y ,  

The n e c e s s i t y  f o p  a d d i t i o n a l  i n v e s t i g a t i o n  o f  r e e f i n g  nltathods i s  

i n d i c a t e d ,  A p o s s i b l e  cause  o f  f a i l u r e  c o n s i d e r e d  was l i n e  

number 36 which was f a b r i c a t e d  of 1,000 pound c o r d ,  i n  l i e u  of 



550 pound cord  as were a d j a c e n t  l i n e s ,  This cord  had been r e t a ined  

from ConPigu~*a$%on UQW-4 f n  whleh t h e  s $ s e n g t h  was necessapy t o  

open t h e  c l o s u r e  t i e  on the h e s i t a t o r  b&g,  It was f e l t  t h a t  

v a s i a t % o n o  Zn %%ne s t r e t c h  might  have c sea t cd  h i g h  l o c a l  s t ress 

whie2-i i n  t u ~ n  prec ip i t .a tec2  a p r o g r e s s i v e  t y p e  of  fa i l luse,  a l t h o u g h  

as w i l l  be seen from t h e  f o l l o w i n g  t e s t ,  some u n u s u a l l y  h i g h  farces  

appeared t o  e x i s t  i n  t h e  r e e f i n g  I d n e ,  

T e s t  Number: 2-5 

C o n f i g u s a t i a n : '  80A-9 

O b j e c t i v e s :  To a n a l y z e  deployment and i n f l a t i o n  c h a r a c t e r i s t i c s  

and e v a l u a t e  s t e a d y  s t a t e  performance  as w e l l  as t o  determ$.ne i f  

p r o p e r  c o r r e c t i v e  a c t i o n  had been t a k e n  t o  p r e v e n t  r e c u r r e n c e  of 

t h e  Test 14 malfunc t ion ,  This a c t i o n  c o n s i s t e d  o f  r e p l a c i n g  t h e  

0 '2 1,000 pound l i n e  No. 36 w i t h  550 pound Line and s t s e n g t h e n i n g  t h e  

~ e e f t n g  s i n g  a t t a c h m e n t ,  

TesLCondf  % i o n s  : Weight - ba750 Pounds 

Speed .B a40 KEAS 

A l t i t u d e  - 10,600 F e e t  

O b s e r v a t i o n s :  The t e s t  was u n s u c c e s s f u l ,  The canopy i n f l a t e d  

f u l l y  i n  t h e  r e e f e d  s t a t e .  A t  t h i s  p o i n t  t h e  r e e f i n g  l i n e  f a i l e d  

and i n f l a t i o n  c o n t i n u e d ,  Next' a  tea^ deve loped  i n  g o r e  l from 

p a n e l  1 0  toward  t h e  v e n t .  One group o f  s t a b i l i z e r s  opened, fo l low-  

ed  b y  a n o t h e r .  The canopy t h e n  f u l l y  i n f l a t e d .  A l l  r e e f i n g  c u t t e r s  

had ac tua ted ,  o n l y  one c o n t a i n i n g  n y l o n  from t h e  1Sne,  The r e e f -  

i n g  l i n e  was recovered  i n  two l e n g t h s  which matched t h e  o r i g i n a l  

l e n g t h .  A 1 1  r e e f i n g  r i n g s  r fna ined  a t t a c h e d .  A pho tograph  of 6 
t h e  i n f l a t e d  damaged canopy i s  shown i n  F igu re  19, 
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'Test Number: 16 

C o n f i g u r a t  Pan : 8 0 ~ - 8  

O b j e c t i v e s :  To a n a l y z e  deployment and  inS%at l . an  characteristics 

and e v a l u a t e  s t e a d y  s t a t e  performance  as 'well as t o  d e t e r m i n e  if 

p r o p e r  c o r r e c t i v e  a c t i o n  had  been t a k e n  t o  p r e v e n t  r e c u r r e n c e  of  

t h e  Tes t  No, 1 5  malfunction, T h i s  a c t i o n  c o n s i s t ~ d  o f  i n c ~ e a s i n g  

r e e f i n g  l i n e  s t r e n g t h  from l , 0 0 0  pounds ts 9,500 pounds and by  

s p a c i n g  t h e  r e e f i n g  l i n e  so t h a t  a11 s l a c k  was spaced  e q u a l l y  

f o r e  and a f t  o f  t h e  s t a b i l i z e r  s e c t i o n s ,  (See S e c t i o n  3 , 1 e 1 2 ) ,  

T e s t  C o n d i t i o n s :  Weight - 4,750 Pounds 

Speed .a= 140 KPAS 

. A l t i t u d e  -. 10,600 Fee t  

O b s e r v a t i o n s :  The t e s t  was s u c c e s s f u l ,  a l t h o u g h  medium damage 

was e n c o u n t e r e d ,  The canopy d i d  n o t  f i l l  e v e n l y ,  a c r e a s e  

0 forming i n i t i a l l y  i n  t h e  fo rward  s e c t i o n  d u r i n g  t h e  r e e f e d  

phase ,  a l t h o u g h  comple te  i n f l a t i o n  d i d  o c c u r  b e f o r e  d i s r e e f ,  S t a -  

b i l i z e r  p a n e l s  u n f u r l e d  a s  t h e  s k i r t  d i s r e e f e d ,  Two p a n e l s  were 

blown i n  S e c t i o n  90 and some b u r n i n g  was n o t e d  from t h e  i n t e r n a l  

p a r a c h u t e  s t a y  l i n e .  

3 . 2 , 2 , 1 7  T e s t  Number: 

C o n f i g u r a t i o n :  80A-9 

O b j e c t i v e s :  To s t u d y  t h e  e f f e c t  o f  i n c r e a s e d  l a u n c h i n g  s p e e d s  

on deployment and i n f l a t i o n  and t o  e v a l u a t e  s t e a d y  s t a t e  p e r -  

formanee ,  It was a l s o  i n t e n d e d  t o  a s c e r t a i n  t h e  e f f e c t  of a s l i g h t  

r e d u c t i o n  i n  r e e f i n g  S ine  length, The i n t e r n a l  c h u t e  s t a y  l i n e  

was changed t o  c o t t o n ,  

T e s t  Condi t  Sons : Weight - 4,750 Pounds 

Speed - 154 E I A S  



A l t i t u d e  - 1 0 , 6 0 0  Peet 

O b s e r v a t i o n s :  The t e s t  was success fu l ,  a l t h o u g h  medium canopy 

damage \$as encountered, in t h e  n a t u r e  of f o u r  (14 )  blown p a n e l s  

i n  t h e  u p p e r  s c c t l o n s .  Normal i r ~ f l s t i o n  was n o t e d .  Force da t e  

was n o t  ava i lab le  f o r  comparison.  No b u r n  damage from t h e  c o t t o n  

s tay  Line was observed ,  

T e s t  Number: 18  

ConEigusat  i on :  BOA-9 

Objectives: To s t u d y  t h e  p o t e n t i a l  t u r n  c h a r a c t e r i s t i c s  with a 

s p e c i f i c  method of f i x e d  t u r n  i n c o r p o r a t e d  in t h e  canopy r i g g i n g ,  

This was ach leved  by  c l o s i n g  t h e  t u r n  s l o t s  on one s ide  o f  t h e  

canopy,  as d e s c r i b e d  i n  S e c t i o n  3.1.13. 

Test  CondSt i o n s  : Wef ght - 4,750 Pounds 

Speed - 105 ICIAS 

A l t i t u d e  - a O , G O O  Feet 

Observat ions:  The t e s t  was s u c c e s s f u l .  L i t t l e  o r  no damage was 

n o t e d .  Turn  r a t e s  o f  approx imate ly  9 degrees  p e r  second were 

obse rved  which d i d  n o t  f u l f i l %  requ i se rnen t s ,  

T e s t  Number: 19 

C o n f i g u r a t i o n :  8OA-9 

Objectives: To study deployment and i n f l a t i o n  c h a r a c t e r i s t i c s  

and e v a l u a t e  s t e a d y  s t a te  performance.  An a d d i t i o n a l  o b j e c t i v e  

was t o  ascertain damage f o r  comparison w i t h  T e s t  No. 1 7 .  

Test Cond i t i ons  : Weight 4 ,750  Pounds 

Speed - 154 K l A S  

A l t i t u d e  - 10,600 Peet  



Observatf  ons : The t e s t  was s u c c e s s f u l ,  a l t h o u g h  damage was medium. 

One panel  i n  t h e  crown s e c t i o n  was des t royed .  The p i l o t  c h u t e  

b r i d l e  f a i b e d  at system s t r e t c h  and t h e  i n t e r n a l  pa l achu te  failcd 

and collapsed before d i s r e e f i n g  o c c u r r e d .  The skirt was un- 

symmetrZoal after loss of the internal chute. 

i 

Test Number: 20 

configuration: 8 Q A - 9  

Objectives: To study the potential turn characteristics wi th  an 

alternate method of inducing fixed turns i nco rpo ra t ed  in the 

rigging and compare results with those of Test Number 18. T h i s  

was achieved by inverting the turn slots on one side of the canopy, 

as discussed in Section 3.1e13P 

Test Conditions: Weight 4,750 Bounds 

Speed e 154 K L A S  

Altitude - $0,680 Feet 

Observations: The test was successful. Little or no damage was 

noted. The scoops inverted very well. Turn rates of approximately 

18 degrees per second were observed. 



Supglenicntal U Z I q  Tes t3  M i t h  S~lia3.3 P a r a - S a i l s  

Pn an e f f o r t  to ach ieve  a method of c o n t r o l l i n g  stabi- 

lizer panels during the opening p r o c e s s  both t h e  Manned Space 

Craft Center  and t h e  contsactor embarked ori simultaneous d r o p  

t e s t  programs w i t h  smaller ,  p e r s o n n e l  s i z e d  P a r a - S a i l s  o f  a p p r o x i -  

mately 24  f e e t  i n  d i a m e t e r .  These  c a n o p i e s  were o f  a con f igu ra -  

t i o n  s i m i l a r  t o  t h e  f u l l  s i z e d  canopy, w i t h o u t  c e n t e r l i n e ,  Both 

programs had t h e  same o b j e c t i v e s ,  b u t  sough t  t h o  s o l u t i o n  by  

d i f f e r e n t  means, The a p p r o a c h  s e l e c t e d  by  t h e  C o n t r a c t i n g  Agency 

u t i l i z e d  a s y s t e m  o f  r e e f i n g  on t h e  lower  edge of  t h e  s t a b i l i z e r  

p a n e l s ,  i n  c o n j u n c t i o n  w i t h  break co rds  t i e d  around t h e  f o l d e d  

p a n e l s .  Var ious  combinat ions  o f  s t a b i l i z e r  and s k i r t  r e e f i n g  t i m e s  

were t r i e d . .  The optimum c o n f i g u r a t i o n  appeared t o  be a f o u r  (1.i) 

second de l ay  on s t a b i l i z e r s  i n  c o n j u n c t i o n  w i t h  s i x  ( 6 )  second 

de lay  on t h e  skirt. With t h i s  sytem s t a b i l i z e r s  would remain 

t i e d  Ln groups  u n t i l  s k i r t  d i s r e e f l n g  (even t h r o u g h  the  s t a b i l i z e r  

r e e f i ng  had  been a c t i v a t e d )  a t  which t i m e  t h e  opening fo rce  o f  

t h e  s k i r t  would break t h e  t P e  c o r d s ,  

A l though  t h i s  manner o f  c o n t r o l l i n g  s t a b i l i z e r s  worked 

well, i t  d i d  i n t r o d u c e  a p o t e n t i a l  r e l i a b i l i t y  problem i n  t ha t  

th ree  ( 3 )  independen t  r e e f i n g  systems must f u n c t i o n  I n  o r d e r  f o r  

t h e  P a r a - S a i l  t o  p e ~ f o r m  its m i s s i o n  s a t i s f a c t o r i l y .  The d e t a i l s  

of' these tes ts  a r e  d i s c u s s e d  more f u l l y  i n  Refe rence  6 ,  

Meanwhile t h e  c o n t r a c t o r  had a l s o  performed a l i m i t e d  

number sf t e s t s  o f  a s i m i l a r  n a t u r e ,  The a p p ~ o a c h  was one o f  

a t t e m p t i n g  t o  ach ieve  c o n t r o l  of  t h e  s t a b i l i z e r s  by means of 

p r o p e r  strength break  c o r d s  retaining the stabilizers i n  folded 



UnFavs~able r e s u l t s  were achieved i n  t h e  initial t e s t  

o f  t h i s  r n e t h ~ d ,  I n  p a c k i n g ,  a s t r $ p  of E igh t  a i r p l a n e  c l o t h ,  

i t s  l e n g t h  e q u a l  t o  t h e  w i d t h  o f  t h e  s t a b S l . i z e r  p a n e l s ,  was f ~ l d e d  

a r ~ u n d  t h e  p l e a t e d  pa,ne%s and secured  w i t h  a number of b r e a k  t i e s ,  

A t  s k i r t  d i s r e e f i n g ,  one gsoup of p a n e l s  f a i l e d  t o  u n f u r l  and 

i n f l a t e ,  a l t h o u g h  t h e  t e s t  v e h i c l e  was recovea*ed a t  a low s a t e  

o f  d e s c e n t ,  The a i r p l a n e  c l o t h  had  bunched,  and t h e  t i e  c o ~ d s  

had  f a i l e d  t o  b r e a k ,  

I n  t h e  second  t e s t ,  e a c h  g r o u p  o f  p a n e l s  was P i t t e d  

w i t h  a s l e e v e  o r  l e g g i n g ,  which was pe rmanen t ly  a t t a c h e d  t o  t h e  

c e n t e ~  p a n e l .  T h i s  s l e e v e  was f i t t e d  w i t h  rows of grommets t h r o u g h  

which Ifght; b r e a k  c o r d s  c o u l d  be  p a s s e d ,  p e s n l i t t i n g ' k h e  s l e e v e  t o  . 

b e  s e c u r e d  a round  t h e  p l e a t e d .  p a n e l s , '  ( S e e  F i g u r e  l b a f o r  e x a m p l e ) ,  

An a d d i t i o n a l  s a f e g u a r d  was a l s o  p r o v i d e d  by a d a p t i n g  a p e r s o n n e l  

p a r a c h u t e  q u a r t e r  deployment  bag ,  commonly t e rmed  a q u a r t e r  bag,  

t o  c o n t a i n  t h e  s k i r t  and s t a b i l i z e r  p a n e l s ,  s l e e v e  e n c a s e d ,  Clo- 

s u r e  was accompl i shed  by means o f  a l o c k i n g  t h o n g  a t t a c h e d  t o  t h e  

canopy main seam and a b u t t e r f l y  l o o p  on a s u s p e n s i o n  l i n e .  I n  

e s s e n c e  t h i s  was a n  a d a p t a t i o n  o f  t h e  c o n v e n t i o n a l  s k i r t  h e s i t a t o r  

used w i t h  c a r g o  p a r a c h u t e s .  T h i s  a r r angement  was such  t h a t  t h e  

q u a r t e r  bag  was r e t a i n e d  by t h e  b r e a k  c o r d  c l o s u r e  t i e .  The ob- 

j e c t  o f  t h i s  method was t o  c o n t a i n  t h e  s t a b i l i z e r s  i n  t h e  q u a r t e r  

bag  u n t i l  sys t em s t r e t c h ,  p r e v e n t i n g  a i r  b l a s t  f rom open ing  t h e  

s l e e v e s  o r  i n d u c i n g  a m a l f u n c t i o n  b e f o r e  t e n s i o n  had been  a p p l i e d  

t o  t h e  s u s p e n s i o n  sys t em.  The s l e e v e s  s h o u l d  t h e n  r e s t r a i n  t h e  

s t a b i l i z e r s  u n t i l  s k i r t  disseefing, whereupon s u f f i c i e n t  f o r c e  

would b e  available t o  b r e a k  t h e  secu~ing t i e s  on t h e  s l e e v e ,  0 
T h i s  a p p r o a c h  was t e s t e d , a n d  inasmuch as t h e  pho tograph ic  



ev idence  a v a i l a b l e  c o u l d  indicate, was succeuuful, Sequence 

pho tographs  sf %he deploymen@, i n f l a t i o n  and d l s ~ c e f i n g  a re  

p r e s e n t e d  i n  Pigu&*e 2 0 .  T h e s e  phot~graphs B ~ I Q W  t h a t  the d e p l o y -  

ment sequence f u n c t i o n e d  a s  i n t ended ,  and t h % s  approach  wes, 

t h e r e f o r e ,  adop ted  f o r  a p p l i c a t i o n  t o  t h e  l a r g e r  Para-Sail and 

t e s t i n g  a t  El Centso ,  ( R e f e r e n c e  S e c t i o n s  3.2.8 and 3.2.2.12): 

T h i s  method o f f e r e d  t h e  advan tage  o f  n o t  k e q u i s f n g  a d d i t i o n a l  

. r e e f i n g ,  b u t  d i d  p r e s e n t  a problem f n . c h o o s i n g  f i u l t a b l e  s t r e n g t h  

b r e a k  t i e s ,  s i n c e  t h e  f o r c e s  a v a i l a b l e  t o  b r e a k  t h e s e  c o r d a ,  

e i t h e r  p rematu+e ly  o r  a t  t h e  c o r r e c t  i n s t a n t  were n o t  known on 

the  large P a r a - S a i l  and c o u l d  n o t  be de te rmined  w i t h o u t  e x p e r i -  

ment ,  Even t h e n  t h e  p r e d i c t a b f l 9 t y  af' such  f o r c e s  under  t h e  same 

o r  o t h e r  deployment c o n d i t i o n s  would be q u e s t i o n a b l e ,  

As a p a r a l l e l  t a  T e s t  Number 1 3  o f  t h e  p r imary  t e s t  

program, b o t h  t h e  Manned S p a c e c r a f t  C e n t e r  and the c o n t r a c t o r  

performed d rop  t e s t a  o f  t h e  s m a l l  P a r a - S a i l s  w i t h o u t  t h e  s t a b l -  

l d z e r  panels, No a t t e m p t  was made t o  measure L/D, however, r a t e  

of d e s c e n t  measurements  showed an  i n c r e a s e  o f  a s  much a s  95 pe r -  

c e n t ,  Photographs  i n d i c a t e d  g r e a t e r  h e i g h t  o r  d e p t h  p r o f i l e  

t h a n - f o r  P a r a - S a i l s  w i t h  s t a b i l i z e r s ,  

3.~2, Data A c q u i s i t i  on 

The d e t e r m i n a t i o n  o f ' s t e a d y  s t a t e  performance ,  deploy-  

ment and i n f l a t i o n  f o r c e s ,  and t i m e s  was 0% paramount impor tance  

i n  t h i s  progyam, Only i n  t h i s  manner c o u l d  t h e  c h a r a c t e r % s t % c a  

of t h e  P a r a - S a i l  p a r a c h u t e  b e  de te rmined  and i t s  s u i t a b i l i t y  f o r  

s p a c e c r s r t  recovery e v a l u a t e d ,  The r e q u i r e d  performance d a t a  may 

be  l i s t e d  as f~%Lows: @ * * 

. -  a a )  Open%ng f ~ r c e s  and t i m e s  ( i n d i v i d u a l  ~ i s e r  a s  

wel l  as t o t a l ) ,  



b )  S t e a d y  S t a t e  f o r c e s  (individual riser as well as 

t o t a l ) ,  

c )  L l r t / D r a g  measurements, ,  

d )  Ra tc  of d e s c e n t  measurernentk, 

e )  Turn  r a t e  measurements ,  

f )  P h o t o g r a p h i c  coverage  o f  s t e a d y  s t a t e  

and non s t e a d y  s t a t e  p h a s e s ,  

These i t e m s  a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g  sections, 

Opening F o r c e s  and Times  

The i n i t i a l  i n s t r u m c n t a , t i o n  c o n c e p t s  proposed t h e  use  

o f  t e l e m e t r y  i n  c o n j u n c t i o n  w i t h  a n  on b o a r d  r e c o r d i n g  o s c i l l o -  

graph f o r  p u r p o s e s  of  redundancy,  The t e l e m e t r y  and a s s o c i a t e d  

s t r a i n  l i n k s  were t o  be s u p p l i e d  by t h e  t e s t i n g  agency and t h e  

o s c i l l o g r a p h  was t o  be f u r n i s h e d  and m a i n t a i n e d  b y  t h e  c o n t s a c -  

t o r .  Accordingly  a  C o n s o l i d a t e d  E lec t rodynamics  Type 5-ll8A 

O s c i l l o g r a p h  was p r o c u r e d ,  Koweve~ ,  l a t t e r  improvements i n  

t e l e m e t r y  r e l i a b i l i t y  made t h e  use  o f  t h i s  i t e m  u n n e c e s s a r y  and 

i t  was c o n s e q u e n t l y  n o t  u t i l i z e d  i n  t h e  program. 

P r i o r  t o  t h e  p r imary  development t e s t s  a t  E l  Centso ,  

f o r c e  d a t a  on t h e  l a r g e  P a r a - S a i l  was non e x i s t e n t ,  I n i t i a l  

a t t e m p t s  a t  o b t a i n i n g  t h i s  i n f o r m a t i o n  were u n s u c c e s s f u l  due t o  

s t r a i n  l i n k  f a i l u r e s  and deployment p rob lems ,  However, s t r u c -  

t u r a l  f a i l u r e s  were i n d i c a t i v e  o f  one f a c t .  S p e c i f  i c n f l y ,  

open ing  f o r c e s  were no t  e q u a l l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  su-s -  

p e n s i o n  system as was evidenced. b y  t h e  r e a r  r i s e r  f a i l u r e s  and 

t h e  i n c i d e n c e  of damage i n  t h e  canopy r e a r  s e c t i o n s ,  

sr-+ 

7 3 0 It was, t h e r e f o r e ,  directed b y  t h e  Contracting Agency 

t h a t  f o r c e  measurements b e  o b t a i n e d  on individual risers and 
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c e n t e s l i n e  as w e l l  as in total, This system of' InstrumenLatisn 

was i n s t i t u t e d  w i t l a  d ~ o p  test nunllaer 5, 

Hawever, s a t i s f a c b s r y  i n d i v i d v a k  riser f o r c e  measure- 

ments  were not immediately avsSLable, Considerable d i f f i c u l t y  

was e n c o u n t e r e d  i n  a c h i e v i n g  p e l i a b l e  transmission o f  t h e s e  

s i g n a l s ,  and i n s t r u m e n t a t i o n  p e r s o n n e l  a t  t h e  t e s t  agency were 

n o t  a b l e  t o  d e t e r m i n e  t h e  c a u s e s  d i r e c t l y ,  I n  $ i@e,  t h e  d i f f i -  

c u l t i e s  were e l i m i n a t e d  when a change i n  t e s t  v e h i c l e s  was 

i n s t i t u t e d .  The t r a n s m i s s i o n  problem was u l t i m a t e l y  r e l a t e d  

t o  t h e  c o r n p a t a b i l i t y  of  d r o p  a i r c r a f t  and t e s t  v e h i c l e ,  The 

t e s t  v e h i c l e  i s  normal ly  de te rmined  b y  t h e  t y p e  sf a i r c r a f t  

which i s  i n  t u r n  de te rmined  b y  t h e  weight ,  speed  and a l t i t u d e  

r e q u i r e m e n t s ,  I n  t h i s  i n s t a n c e  speed was compasa t ive fy  bow, 

1 2 0  K I A S  f o p  many of  t h e  t e s t s ,  T h e r e f o r e ,  t h e  use o f  a corn- 

p a r a t i v e l y  low f l y i n g  c a r g o  a i r c r a f t  such as t h e  C-3.30 was 

r e q u i r e d ,  T h i s  n e c e s s i t a t e d  t h e  use  of  a weight bomb t y p e  

of v e h i c l e  as shown i n  F igu re  2 1  which c o u l d  be e x t r a c t e d  a v e r  

r o l l e r  conveyops i n  t h e  f l o o r  of  t h e  a i r c r a f t ,  

However, p r e v i o u s  e x p e r i e n c e  w i t h  mul t i - channe l  

t e l e m e t r y  had i n v o l v e d  t h e  use o f  a d i f r e r e n t  t y p e  of  d r o p  

w e i g h t ,  te rmed a c y l i n d r i c a l  v e h i c l e  which i s  shown in 

F i g u r e  2 2 ,  T h i s  i t e m  i s  normal ly  dropped from h i g h e r  speed  

a i r c r a f t  such as t h e  B-66, which u t i l i z e s  a  d i f f e r e n t  d e l i v e r y  

sys tem f r o ~ n  t h e  bomb b a y ,  I t  was f i n a l l y  d e t e ~ m i n e d  t h a t  t rans-  

m i s s i o n  problems were a s s o c i a t e d  w i t h  a  f l e x l b l e  a n t e n n a  re- 

q u i r e d  f o r  use  with t h e  wefght bomb and t h a t  t h e  f r e q u e n c i e s  

0 necessary f o r  some sf t h e  i n d i v i d u a l  rlser fnsces were a f f e c t e d  

by movement sf t h i s  a n t e n n a ,  Correction af t h i s  difficulty 



m e ~ e l y  n c e e s s % t a t c d  use of t h e  cykindr9eal vehicle which was 

not  aff'eched b y  "cis problem,  However, one d i f f i c u l t y  remained 

r ega rd ing  t h e  manner of e x t r a c t i n g  t h e  cylindrical v e h i c l e  Psem 

t h e  a i r c r a f t ,  F a r t u n a t e E y ,  a method had been p r e v i o u s l y  dev ise6  

f o s  p r o j e c t  Apollo b y  t e s t  agency p e r s o n n e l  t o  p r o v i d e  a means 

of  e x t r a c t i o n  o v e r  t h e  r o i l e s  conveyors,  T h l s  s y s t e m  u s e s  a . 

s l ed  f o ~  s u p p o r t  o f  t h e  v e h i c l e ,  which i s  extx?acted and t h e n  

& s e p a r a t e s  flporn t h e  v e h i c l e ,  a t  t h e  same time d e p l o y i n g  t h e  t e s t  

item p i l o t  p a r a c h u t e ,  Recovery of  t h e  s l ed  i s  t h e n  a l s o  e f f e c t e d ,  

Fos  a more com@lete d e s c r f y t h o n  of  t h i s  method see Referenee 7 ,  

The uEe o f  t h e  c y l i n d r i c a l  v e h i c l e  e l i m i n a t e d  da ta  

t r a n s m i s s i o n  problems and a d e q u a t e  fo rce  inforrf iat ion was r e c o r d e d  

f o r  t h e  remainder  of t h e  t e s t s ,  I n  a l l ,  e i g h b  ( ( 8 )  c h a n n e l s  of  

t e l e m e t r y  were u t i l i z e d  s a t i s f a c t o r i l y ,  E 
l 

S t e a d y  S t a t e  F o r c e s  

Et was a l s o  d e s i r a b l e  t o  e s t a b l i s h  s t e a d y  s t a t e  f o r c e s  ! 

! 
on t h e  i n d i v i d u a l  r i s e r s  i n  o r d e ~  t o  d e t e r m i n e  c e n t e r  of  p m s s u r e  

i 

I 
and t o  a n a l y z e  t h e  e f f e c t  o f  l o a d i n g  on canopy p r o f i l e ,  The man- 

n e r  sf a c h i e v i n g  t h e s e  measurements was t o  c o n t i n u e  t e l e m e t r y  

t r a n s m i s s i o n  d u r i n g  s t e a d y  s t a t e  d e s c e n t ,  Again, t h e  a b i l i t y  t o  

accomplish t h i s  r e l i a b l y  depended upon t h e  change i n  d rop  t e a t  

v e h i c l e s  dhscussed t n  t h e  p r e v i o u s  s e c t i o n ,  When t h i s  was 

aeesmpliahsb very sa t i s f ac to ry  d a t a  was received,  which has been 

tabubg$@d $n t h e  aesu l t s  section, 



D e t e r m i n a t i o n  sf E i f t /Drag  Watfe 

The manner sf determii- iat ion o f  t h i s  papalrae"l;er was 

t h r o u g h  t h e  use o f  s t a n d a r d  p h o t o - t h e o d o l i t y  e q u i p m e n t ,  I n  

o r d e r  t o  e.al.culate L/D, tangent:  p lane  v e l b c i k y  &nd r a t e  of  

c l imb  must b e  d e t e r m i n e d ,  

A l l  wind v e c t o r s  a r e  assumed p a r a l l e l  t o  t h e  t a n g e n t  p l a n e ,  
, % 

Hence r a t e  o f  c l i m b  i s  no t  wind c o r r e c t e d ,  t a n g e n t  

p l a n e  v e l o c i t y  must b e ,  

T h e r e f o r e ,  %n o r d e r  to c a l c u l a t e  r e l i a b l e  g l i d e  

r a t i o s ,  i t  becomes n e c e s s a r y  t o  a c c u s a t e l y  deterrnlne t h e  

wind p r o f i l e  of t h e  a tmosphere  t h r o u g h  which t h e  p a r a c h u t e  

descends  a t  t h e  t ime  of  t h e  d r o p ,  

Atmospheric  profiles a t  t h e  t e s t  s i t e  a r c  nofmally 

de te rmined  by RAWIN b a l l o o n ,  Such i n f o r m a t i o n  as p r e s s u r e ,  

d e n s i t y ,  and t e m p e r a t u s e  are t r a n s m i t t e d  back  t o  a t e a t  site 

r ece iv ing  and t ~ a c k i n g  s t a t i o n  by  t h e  b a l l o o n  as i t  a s c e n d s  

t h r o u g h  t h e  a tmosphere ,  Wind v e l o c i t i e s  are  d e t e r m i n e d  by 

r a d a r  t r a c k i n g  sf t h i s  b a l l o o n ,  This method p r o v i d e s  a c c u r a t e  

d a t a  on wing c o n d i t i o n s  above  2 ,000  f e e t ,  However, c o n s i d e r a b l e  

d i f f i c u l t i e s  o c c u r  when a t t e m p t i n g  t o  cool -d inate  re lease  o f  t h e  

b a l l o o n  w i t h  t i m e  of  d rop  and d i f f e r e n c e s  i n  t ime  o f  up t o  an 

h o u r  a r e  no t  u n u s u a l ,  Needless  t o  s a y ,  wind p r o f i l e s  may 

change c o n s i d e r a b l y  i n  t h e  c o u r s e  ~f a,n h o u r ,  

I n  an a t t e m p t  t o  p r o v i d e  b e t t e r  d a t a ,  a non-gliding 

wind drift p a r a c h u t e  was u t i l i z e d  sn many of %he t c s t s ,  The 

."<*a e advantage o f  its u s e  was one 08nedbrd$hat$-on,  in. ' c h a " % , t h e ' d ~ i f t  
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c h u t e  c o u l d  b e  d ropped  s h o r t l y  a f t e r  t h e  t e s t  i t em,  on either 

a  second  p a s s  o f  t h e  d r o p  p l a n e ,  o r  b y  a n  auxilliasy a i ~ c r a f t ,  

and  t h e n  t r a c k e d  by  photo-theodolite, Comparisons o r  d r i f t  

c h u t e  and Rawin L/D d a t a  may be  seen I n  Table 11, and f o r  t h e  

t e s t s  examined show v e r y  good c o r r e l a t i o n ,  

It was f e l t p  however ,  t h k t  LJ_f t /Drag  r a t i o s  computed 

on t h e  b a s i s  of wind d r i f t  c h u t e  d a t a  were more r e l i a b l e  due 

t o  t h e  p r o x i m i t y  t o  d r o p  t ime ,  

D e t e r m i n a t i o n  o f  V e r t i c a l  V e l o c i t y  

De te r rn ina t lon  o f  v e r t i c a . 1  vel.ocj.ty ( r a t e  o f  c l i m b )  

was accompl i shed  b y  p h o t o - t h e o d o l i t e  as p e r  s t a n d a r d  p r o c e d u r e s .  

No wind c o r r e c t i o n s  were  n e c e s s a r y  t o  t h i s  d a t a  which was u t i -  

l i z e d  as t a b u l a t e d ,  

Measurement o f  Turn  R a t i o  

I n  t h e  p l a n n i n g  s t a g e  of' t h i s  program i t  was a n t i c i -  

pated t h a t  a c c u r a t e  measurement o f  t u r n  r a t e s  and r e s p o n s e s  

would n e c e s s i t a t e  t h e  u s e  o f  an on board  t u r n  r a t e  g y r o s c o p e ,  

A Humphrey 12-28 S e r i e s  r a t e  gyro  was p r o c u r e d  f o r  t h i s  p u r p o s e ,  

b u t  was n o t  u t e l i z e d  b e c a u s e  o f  o t h e r  f a c t o r s ,  F i r s t ,  t h e  o n l y  

t u r n  r a t e s  t o  measure  were p roduced  by f i x e d  t u r n s  o f  t h e  canopy 

caused. by m o d i f i c a t i o n s  t o  t h e  r i g g i n g ,  The p a r a c h u t e  was de- 

p l o y e d  i n  t h i s  manner and would t h e n  b e g i n  t u r n s  i r r a e d i a t e l y  

upon i n f l a t i o n ,  making rneasu~ernents  o f  r e s p o n s e  and a n g u l a r  

a c c e l e r a t i o n s  o f  l i t t l e  v a l u e ,  Second ly ,  t h e  c o n n e c t i o n  o f  

p a r a c h u t e  t o  v e h i c l e  was accornp%ished t h r o u g h  a s i n g l e  p o i n t  

a t t a c h m e n t ,  p e r r k k t t i n g  a d c g ~ e c  o f  swiveling I n  t h e  riser, Hence 

O an on  b o a r d  gyroscope  would have d e t e r m i n e d  the r o l l  c h a r a c t e r i s -  

t i c s  of t h e  v e h i c l e  b u t  n o t  t h o s e  of  tlae Para.-Sail., The 
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The r e l a t i o n s h i p  sf vehSeXc t o  canopy r e sponse  becomes I n  t h i s  

c a s e  a f u n c t i o n  of t h e  t y p e  of c o n n e e t i p n  between v e h i c l e  2nd 

canopy and t h e  moment o f  i n e r t i a  aP  t h e  p a r t i c u l a r  v e h l e b e ,  

Consequen t ly ,  canopy r o l l  rates were d e t e r m i n e d  from 

p h o t o t h e o d o l i t e  ( A s k a n i a )  and C o n t r a v e s  f i l m  d a t a ,  Both f i l m s  

i n d i c a t e d  good agreement  and d i f f e r i  o n l y  s l . i g h t l y  due t o  

v i ewing  a n g l e  and  s t a t i o n  p o s i t i o l a ,  R e s u l t s  a r e  p . r e sen tcd  i n  

" S e c t i o n  4 and a r e  s u f f i c f e n t l y  a c c u s a t e  f o r  t h e  t y p e  sf' t e s t i n g  

p e r f o r m e d ,  

3 .3 .6  Photogriaphy 

Dur ing  t h e  c o u f s e  o f  t h a s  program photogsaphy p roved  

a n  i n v a l u a b l e  t o o l  an s t u d y f n g  t h e  open ing  c h a r a c t e r i s t i e s  and 

a s c e ~ t a l n i n g  t h e  cduses o f  deployment  p r o b l e m s ,  High s p e e d  

rnstlon p l a t y r e  c o v e r a g e  ( 2 0 0  FPS) was p r o v i d e d  o f  e a c h  t e s t  

f rom e v e s y  p o s s i b l e  v a n t a g e  p o i n t ,  frqom t h e  dsop and c h a s e  

a i r c r a f t ,  on b o a r d  t h e  v e h i c l e ,  and from a nu-mber o f  ground 

s t a t i o n s  t h r o u g h  h i g h  powered t e l e p h o t o  cameras ,  

Many t i m e s  t h e  s o l u t i o n  t o  a p a r t i c u l a r  problem 

r e s u l t e d  from a c a r e f u l  a n a l y s i s  o f  d r o p  t e s t  f i lms ,  I n  

a d d i t i o n  t o  t h e i ~  u s e  i n  a n a l y z i n g  i n f l a t i o n  c h a r a c t e r i s t i c s b  

t h e s e  films a l s o  proved u s e f u l  i n  d e t e r m i n i n g  canopy b r o f i l e s  

and gore c u r v a t u r e s  in t h e  S t e a d y  s t a t e  c o n d i t i o n s ,  as  d i s -  
. . 

c u s s e d  i n  Q e c t i o n  5 .9 ,  . 

. Data  E v a l u a t i o n  

. alto get he^ a c o n s i d e r a b l e  amount sf' v a l u a b l e  per-  

formance d a t a  ( s t e a d y  s t a t e  and  non s t e a d y  s t a t e )  was made 

ava%%able from t h e  t e s t s  under  t h i s  program,  In o r d e r  t o  be- 

come meaningfu%,  muck o f  t h i s  i n f o r m a t i o n  must be examined and 



compared w i t ! ]  siml.lar data. a..r.nder s t h e r ?  co rad :~~ t ions ,  I n  accompl i sh ing  

t h i s  analysis, t h e  r e s u l t s  sf which are  s u b m i t t e d  i n  S e c t i o n  4, 

p a r t i c u l a r  methods were u t i l i z e d  which  are d f s c u s s e d  Sn t h e  f o l l o w -  

ing s u b - s e c t i o n s ,  

L i f t /Drag  R a t i o s  

I f  I i f t / d r a g  h i s t o r i e s  p r e s e n t e d  i n  Appendix G a s e  ex-  

amined, it w i l l  be n o t e d  t h a t  ba rge  fluctuations o c c u r  d u r i n g  des-  

c e n t ,  The e x t e n t  and r a t e  o f  t h e s e  v a r i a t i o n s  i s  such t h a t  a 

v i s u a l  mean v a l u e  canno t  be a c c u r a t e l y  d e t e r m i n e d ,  Consequent ly  

it h a s  psrzovera n e c e s s a r y  t o  a r i t h m e t i c a l l y  a v e r a g e  t h e ,  L $ f t / d r a g  

r a t i o s  f a r  each  t e s t ,  u s i n g  a time b a s i s ,  The range  o v e r  which 

t h i s  d a t a  i s  averaged  h a s  g e n e r a l l y  been chosen a s  beg inn ing  a t  

20  s e c o n d s . a f t e r  d r o p  ( t o  ablsw t h e  P a r a - S a i l  p a r a c h u t e  t o  open 

and s t a b i l i z e )  t o  a 2 ,000  f o o t  a l t i t u d e ,  T h i s  was chosen as t h e  
0 c u t - o f f  p o i n t  s i n c e  d a t a  below t h i s  a l t i t u d e  i s  r e p o r t e d  a s  un- 

r e l i a b l e  i n  some i n s t a n c e s ,  Values  a r e  t a k e n  a t  one second in- 

crements  w i t h i n  t h i s  r a n g e ,  and t h e n  a v e r a g e d ,  The v a l u e s  so 

o b t a i n e d  were t h e n  used  f o r  t h e  compara t ive  d a t a  p l a t s  o f  S e c t i o n  4 ,  

True Drag Area 

T r u e  d r a g  a r e a ,  which i s  based  upon t o t a l  v e l o c i t y ,  

as d i s t i n g u i s h e d  from e f f e c t i v e  d r a g  a r e a , w h i c h  i s  based  on 

v e r t i c a l  v e l o c i t y ,  i s  de te rmined  by t h e  e q u a t i o n ,  

and f i n d s  g e n e r a l  use i n  d a t a  ~eduetion o f  t h e  J o i n t  P a r a c h u t e  

Tes t  F a c i l f t y ,  Consequent ly  t h e  d e r i v a . t i o n  9s n o t  i n c l u d e d ,  



When so  reques ted ,  t a b u l a t i  on sheets rdftk~ t h % s  infosmatj .on a r e  

l--+ s u p p l i e d  by  t h e  t e s t  agency*  L." 

Again, f o r  compa~ative p u r p o s e s  I% becomes n e c e s s a s y  

t o  e s t a b b A s h  average v a l u e s  o f  C - S  from wh%ch @ can t h e n  be  
L, D. 

d e t e r m i n e d ,  T h i s  i s  a,ccomp9isbed i n  t h e  same manner as  w i t h  

L/D u s i n g  e q u a l  t ime  Inc rements  of one second and from 20 

seconds  a f t e r  d r o p  "c 8. 2,000 f'oo"cl'cS_tu.de, T h i s  approach 

was u t i l i z e d  I n  a r r i v i n g  a t  t h e  v a l u e s  f o r  C p r e s e n t e d  i n  a 
S e c t i o n  4, 

I n  a d d i t i o n ,  t h e  drag a r e a  determined b y  t h e  above 

e q u a t i o n  i s  u s e f u l  i n  e s t a b l i s h i n g  shock f a c t o r s  d u r i n g  i n f l a -  

t i o n  s i n c e  time c o r r e l a t e d  f o r c e  d a t a  i s  a l s o  a v a i l a b l e ,  

E f f e c t i v e  Drag Area 

E f f e c t i v e  d rag  a r e a  i s  p o s s i b l y  one of' the mare i m p o r t a n t  

i n d i c a t i o n s  of  P a r a - S a i l  pe r fo rmance ,  Although s i g n i f i c a n t  l i f t /  

drag r a t i o s  may be  e v i d e n c e d ,  v e r t i c a l  v e b o c i t y  is probably t h e  

most c r i t i c a l  component t o  be c o n s i d e r e d  i n  t h e  s a f e  r e c o v e r y  o f  

p a y l o a d s ,  PercEse  d e t e r m i n a t i o n  o f  t h i s  v e l o c i t y  requires  a c c u r a t e  

c a l c u l a t i o n s  o f  e f f e c t i v e  drag  area ,  

Hence i t  was proven necessary t o  e s t a b l i s h  an e q u a t i o n  

f o r  t h e  d e t e r m i n a t i o n  o f  i n s t a n t a n e o u s  e f f e c t i v e  d r a g  a r e a ,  Th i s  

e q u a t i o n  i s  a s  f o l l o w s :  

Fop comple teness  t h e  d e r i v a t i o n  o f  t h i s  e q u a t i o n  i s  

p r e s e n t e d  in Appendix A, 

E q u a t i o n  3 was psograrrirned f o r  computer s o l u t i o n  and  

p r e s e n t e d  t o  t h e  c o l a t r a c t o r  i n  t a b u l a t e d  and p l o t t e d  form after 

each  d rop  t e s t ,  ... 57 .aa 



A s  w i t h  o t h e r  data. ,  fluctuatianx o c c u r r e d  m a k i n g  

v i s u a l  averag ing  d t f f i c u l t ,  Consequen t ly ,  i t  became necessary 

t o  d e t e r m i n e  a r i th rne t l ca l  average v a l u e s  f ' o ~  each  d r o p  in the 

same manner as f o r  L / D  and C S ,  
D 

When t h i s  must be  done b y  desk ca%culatas or a d d i n g  

machine ,  it becomes q u i t e  t i m e  consuming. Consequen t ly ,  a n o t h e r  

method was a p p l i e d  f o r  e x p e d i e n t  r e s u l t s ,  a l t h o u g h  t h e  arith- 

met ica l  a p p r o a c h  was pe r fo rmed  for c o m p a r a t i v e  p u r p o s e s ,  

The more e x p e d l e n t  method i s  b a s e d  on a n  a v e r a g e  w i t h  

r e s p e c t  t o  d e n s i t y ,  p r o v i d i n g  r e s u l t s  q u i c k l y ,  and i s  a c c u r a t e  

t o  t h e  e x t e n t  t h a t  d e n s l t y  va r ies  linearly w i t h  a l t i t u d e ,  T h i s  

e q u a t i o n  f o r  a v e r a g e  e f f e c t i v e  drag a r e a  i s  p r e s e n t e d  a s  f o l l o w s :  

The d e r i v a t i o n  sf t h i s  e q u a t l s n  i s  p r e s e n t e d  912 

Appendix A and i s  a r r i v e d  a t  t h r o u g h  i n t e g r a t i o n  o v e r  e d e n s i t y  

ranged 

T a b l e  III p r e s e n t s  t h e  r e s u l t s  of b o t h  t h e  a r i t h m e t i c a l  

and i n t e g r a t i o n  methods and shows r e a s o n a b l y  good agreement 

be tween t h e  two,  
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Table XI 

COMPARESON OF EZFT/DRAG RATIOS 

COMPUTED PROM R A W I N  BALLOON AND 

DRIFT CHUTE DATA ' 

T e s t  
NO 0 

L.IIIIIIL---LIcIy 

bO 

L/D 
Raw in 
P 

Based on arithmetical averageo 

L/D 
Drift 
Chute  
7 



Drop Tes t  
Number 

5 

T a b l e  PI1 

COMPARISON OF AVEIZAGC EFFECTIVE 

DRAG AREAS AZaD COEFFICIENTS 

BASED ON DENSITY AND TIME 

Average E f f e c t i x e  Average E f f e c t i v e  
Drag C o e f f i c i e n t  
w -- -. - -a- 

Based on Percent; 
Time " -- Va~iation 

7,056~9 6,825,~ L , 4 2  1.~38 2 . 9  

6,52g07 6 , 2 3 1 ~  1,32 1,26 4 . 6  

Average P e r c e n t  V a r i a t i o n  = 2 , 2  

* Determined f rom ari thrnet-?caL 
average o f  t a b u l a t e d  da.t a ,  

g g  Determined from e q u a t i o n :  
a t  $14 (GL - lLG 2 

c,s = (x )  p b  - Pa. 



Malfunc t ion  uf  Pazaasa3Sei% Confi@;urat$on 88%-% 
D u r i n g  P s e l f n t i n a r y  FunctI-onal  T e s t a  



Figu re  - %8 - 
Para-Safl Without  S t a b i l i z e r s  - Test  NO, %3 

- 63 - 
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14 , a 0 TEST RESULTS JbNC D I S C U S S I O N  Ol? DATA - ~ * a - ~ L t a ~ * ~ - ~ m s _ l i n _ x i r  a x a - e s i i  

T h i s  s e c t i o n  p r e s e n t s  a tabaJat%sn and sunmat ian  of 

t e s t  r e s u l t s  on a 9 1  c o n f i g u r a t t o n s  of  the t e s t  I tem,  Rcpsesenta- 

t i v e  data  i n  s u p p o ~ t  of  t h i s  sec t l ion  is i n c l u d e d  i l l  ApperiGixes E, 

F, and G ,  A summary d a t a  s k e e t  f o ~  a l l .  t e s t s  is p r o v i d e d  a s  

T a b l e  V I I  o f  t h i s  sec t j .on ,  

4 , l  S teady  S t a t e  Performance 

4 , s _ , L  
P 

E f f e c t i v e  Drag C o e f f i c i e n t  

F i g u r e s  23 and 24  p r e s e n t  e f f e c t i v e  d r a g  a r e a s  f o r  t h e  

v a r i o u s  c o n f i g u r a t i o n s  t e s t e d  a t  El Cen t r a ,  The v a l u e s  sho\.;n are 

a v e r a g e s ,  f o r  each  d s a p ,  and a re  computed w i t h  r e s p e c t  t o  d e n s i t y ,  

Both c u r v e s  i n d i c a t e  a d e c i d e d  e f f e c t  o f  canopy l o a d i n g  ( a n d  

v e r t i c a l  v e % o c i t y )  with a decrease i n . c o e f ' f l c i e n t  f o r  a n  i n c r e a s e  
2  i n  t h e s e  p a r a m e t e r s ,  A t  a canopy l o a d i n g  of  ,56 I . b s , / f t ,  , t h s  

e f f e c t i v e  d r a g  c o e f f i c i e n t  was approx$rna'c;ely l , 9 5 ,  and a t  a load-  
2 

i n g  o f  ,96 l b s , / f t ,  t h i s  v a l u e  d e e r e a s e d  t o  ~ ~ 4 5 ,  

Also  wor th  n o t i n g  I n  t h e s e  f i g u r e s  i s  t h e  e f f e c t  o f  

c e r t a i n  v a r i a b l e s  i n  t h e  c o n f i g u ~ a t i o n  geometry ,  For  a n  8 0 ~ ~ 3  

c o n f i g u r a t i o n  i n  d r o p  No, 2 ,  with c e n t e r  s u s p e n s i o n  l i n e ,  a co- 

e f f i c i e n t  o f  2 , 5 8  was c a l c u l a t e d  a t  a canspy l o a d i n g  of  ,75 , t :h ich  

i s  i n d i c a t i v e  o f  a  v a s t l y  more e f f i c i e n t  canopy t h a n  t h o s e  w i t h -  

o u t  c e n t e r l i n e ,  In drop  No, 1 3 ,  t h e  s t a b i l i z e r s  were removed, 

and e f f e c t i v e  d r a g  c o e f f i c i e n t  was seduced s i g n i f i c a n t l y ,  

I n  d rop  numbers 1 8  and 20  t h e  P a ~ a - S a i l  was deployed 

w i t h  a t u r n  i n c o r p o r a t e d  i n  t h e  r i g g i n g ,  I n  d r o p  No, 18 ,  which 

had a t u r n  r a t e  i n  t h e  o r d e r  o f  9 d e g , / s e c , ,  t h e  c o e f f i c i e n t  

seevlied L i t t l e  e f f e c t e d  i n  c o n t r a s t  t o  t e s t  number 20, w l t h  a t u r n  

r a t e  o f  x8 d @ g , / s e c , ,  which showed a v e r y  n o t i c e a b l e  dec rease ,  



As will be  seen i n  l a t e r  d i c c u s s l o n s ,  t h e  d e c r e a s e  i n  

c o e f f i c i e n t  f o r  d r o p  1 3 ,  1 8  and 20  is related t o  a reduc tSon  i n  

l i f t  f e ~ e e ,  Et appears that t h e  netLc:.ably gzPcater v a l u e  f a r  

t e s t  number 2 i s  t h e  r e s u l t  of  g r ea t e r  canopy e f f i c i e n c y ,  

4,1,2 % i f t / B ~ a g  R a t i o  

F i g u r e s  25 and 2 6  p r e s e n t  t h e  l i f t / d r a g  r a t i o s  ave raged  

for e a c h  d r o p  v e r s u s  canopy lnadang  and  v e r t i c a l  v e l o c i t y ,  A 

" s l i g h t  d e c r e a s e  i n  l i f t / d r a g  t a k e s  p l a c e  w i t h  i n c r e a s e d  canopy 

l o a d i n g .  A t  canopy l o a d i n g  v a l u e s  o f  ,56  an average L/D o f  

a p p r o x i m a t e l y  ' l , l 6  e x i s t s ,  d e c r e a s i n g  t o  1 .13 a t  a l o a d i n g  o f  .96 
? 

L b s , / f t , " ,  Drop number 13 ( w i t h o u t  s t a b i l l z e x s )  e x h i b i t s  lower 

v a l u e s  of  L/D a s  does  t h e  t u r n  t e s t  of  d rop  number 2 0 ,  These 

p o i n t s  t e n d  t o  s u b s t a n t i a t e  t h e  t r e n d s  i n  e f f e c t i v e  drag co-  

e f f % e % e n t  shown I n  F i g u r e s  2 3  and 24, It 3,s w o ~ t h  n o t i n g  t h a t  

0 t h e  v a l u e  of  E/D de te rmined  f o r  t e s t  number 2 ,  w i t h  c e n t e r  suspen- 

s i o n  l i n e ,  was i n  t h e  same ord.er o f  magnitude as f o r  t h e  c o n f i g u r a -  

t i o n s  wf thout  c e n t e r l i n e ,  T h i s  i s  as was p r e d i c t e d  b y  wind t u n n e l  
' I  e x p e r i m e n t s ,  (See  Volume I). 

D ~ a g  C o e f f i c i e n t  

F i g u r e  27 p r e s e n t s  t h e  average d r a g  c o e f f i c i e n t ,  T h i s  

i s  t h e  t r u e  d r a g  c o e f f i c i e n t ,  based  on e q u a t i o n  2 ,  Again it w i l l .  

be n o t e d  t h a t  t h i s  v a l u e  d e c r e a s e s  w i t h  r e s p e c t  t o  i n c r e a s e d  canopy 

Loading,  The d r a g  e f f i c i e n c y  o f  t h e  c e n t e r l i n e  c o n f i g u r a t i o n ,  

t e s t  number 2 ,  was ve ry  h i g h ,  w h i l e  t h e  e f f i c i e n c y  of  t h e  c a n o p i e s  

i n  a t u ~ n  e x e r c i s e ,  t e s t s  1 8  and 29, was n o t  e f f e c t e d ,  n o t w i t h -  

s t a n d i n g  t h e  l a r g e  a m p l i t u d e  o f  swing o u t  noted 3.n t h e s e  t e s t s ,  

and t h e  t E S t i n g  of  t h e  canopy which r e s u l t e d ,  



L i f t  C o e f f i c i e n t  

The averaged v a l u e s  f o r  l i f t  c o e f f l c f e n t  are  shown i n  

F i g u r e  28 ,  Again the dependency upon canopy Isadlng i s  shown, 

Drop number 2 w i t h  c e n t e r l i n e  a l s o  i n d i c a t e s  a  h i g h  l i f t  e f f i c l e n e y ,  

a s  w e l l  as h i g h  d r a g  e f f i c i e n c y ,  even though L/D i s  n o t  g r e a t e r  

t h a n  configurations w i t h o u t  c e n t e r l i n e .  The r e d u c t i o n  of  CL 

shown i n  t h e  t u r n ' t e s t ,  number 2 0 ,  is a s  wou.ld be e x p e c t e d  from 

e x p e r i e n c e  w i t h  a i r  f o i l s  i n  a bank ing  $urn, wherein  l i f t  f o r c e  

i s  d e c r e a s e d  toward t h e  i n s i d e  o f  t h e  t u r n ,  

P i g u r e  23  c o r r e l a t e s  b o t h  l i f t  and drag e o e f f f c i e n t s  

t o g e t h e r ,  showing t h e  e f f e c t  o f  canopy l o a d i n g  and c o n f i g u r a t i o n  

geometry,  

Q 0 1 0 5  
P 

Turn R a t e s  

The r e s u L t s  o f  t h e  t u r n  t e s t s  d e s c r i b e d  i n  S e c t i o n  

3,2,2 ( s u b - s e c t i o n s  1 8  and 20)  a re  p l o t t e d  I n  F i g u r e  30, showing 

t h e  e f f e c t i v e n e s s  a f  t h e  two methods,  The t u r n  r a t e  a c h i e v e d  b y  

cornp%etely i n v e r t i n g  t h e  s l o t s  o n ' o n e  s i d e  was t w i c e  t h a t  o b t a i n e d  

by mere ly  c l o s i n g  them, These t u r n  r a t e s  c o p r e l a t e  r o u g h l y  w i t h  

t h e  s u m  of e x h a u s t  a r e a s  normal  t o  t h e  d i r e c t i o n  o f  r o t a t i o n ,  

these areas b e i n g  a p p r o x i m a t e l y  doubled  b y  i n v e s t i n g  t h e  s l o t s  

on one s i d e ,  

R i s e r  F o r c e s  

The f o r c e s  a c t i n g  on i n d f v i d u a b  r isers a r e  l i s t e d  i n  

T a b l e  I V  f o r  v a r i o u s  d r o p s ,  F i g u r e  3 1  shows t h e  r i s e r  geometry ,  

It w i l l  be seen t h a t  t h e  d i s t r i b u t i o n  a f  these  f o r c e s  i s  n o t  

s y m m e t r i c a l ,  The r i s e r s  and s u s p e n s i o n  l i n e s  a t t a c h i n g  t o  t h e  

f r o n t  ( l e a d - i n g  s u r f a c e )  c a r r y  approx imate ly  28% o f  t h e  suspended  

l o a d ,  The s i d e  ~ i s e r s  c a r r y  44% (22% each s i d e )  o f  t h i s  l o a d  



and t h e  r e a s  r f s e ~ s  s u s t a i n  40% of tkc Load, The I n t e p n a l  para- 

c h u t e  c e n t e r l i n e  carries no l o a d  d u r i n g  steady s t a t e  d e s c c n t ,  

T h i s  d a t a  Is  u t i l 2 z e d  in SectLon 5+3,3 i n  determining t h e  c c n t e T  

o f  p r e s s u r e  of the Para-Sail ,  

4 * 2  
w 

Opening C h a r a c t e r i s t i c s  

I n d i v i d u a l .  R i s e s  Forces  

Tab le  V sumnar izes  t h e  a v a i l a b l e  data on i n d i v i d u a l  

r i s e r  f o r c e s  f o r  b o t h  r e e f e d  and d i s r e e f e d  c a s e s  (1st and 2nd 

p e a k s ) ,  An a n a l y s i s  of t h e  p p e s e n t e d  v a l u e s  i n d i c a t e s  a h i g h  

d e g ~ e e  sf asymmet r i ca l  l o a d i n g  d u r i n g  i n f l a t i o n ,  The h i g h e s t  

l o a d s  were e x p e r i e n c e d  primarily on t h e  r e a r  r i se r s ,  a l t h o u g h  

s i d e  r i s e r s  were s u b j e c t e d  t o  some h i g h e r  f o r c e s ,  The a v e r a g e  

d e v i a t i o n  from t h e  mean was de te rmined  t o  be 2G,G p e r c e n t ,  T h i s  

i n d i c a t e s  t h a t  a membes o f  t h e  s u s p e n s i o n  sys tem c o u l d  be sub-  

j e c t e d  on a n  a v e r a g e  t o  a l o a d  26,G p e r c e n t  h i g h e r  t h a n  would 

be expec ted  under  symme%rica% l o a d i n g ,  A more a c c u r a t e  v a l u e  

c o u l d  be o b t a i n e d  by a v e r a g i n g  r e s u l t s  under  d e s i g n  c o n d i t i o n s ,  

how eve^, f o r c e  d a t a  from o n l y  one such t e s t  was avai lab%e' ;  T h i s  

one v a l u e  does  c o r r e l a t e  c l o s e l y  w i t h  t h e  average  d e t e r m i n e d  

from a l l  t e s t  c o n d i t i o n s ,  

4,2,2 T y p i c a l  Force  and T r a j e c t o r y  Curves 

The f o r c e  t r a c e  fram d r o p  number 29 which might be 

c o n s i d e r e d  a t y p i c a l  t e s t  under  d e s i g n  c o n d i t i o n s ,  i s  shown i n  

F i g u r e  32,  However, it m u s t  be n o t e d  t h a t  t h e  i n t e r n a l  pa rachute  

was d e s t r o y e d  a f t e r  opening and t h i s  f o r c e  t r a c e  becomes z e r o  

sooner  t h a n  n o m a % ,  T r a j e c t o p y  data  for t h e  same t e s t  i s  presented 

in Figure  3 3 ,  which may be  c sns lde red  as r e p r e s e n t a t i v e  f o r  t h e  

d e s i g n  c o n d i t i o n s ,  



An Sn"c@~estS_ng tzqerzd was r ~ o t e d  i n  t h e  s t u d y  o f  caraapy 

peefed drag area, The pecularlty o f  t h i , s  i n f c t ~ - n a t i o n  i s  In t h e  

a p p a r e n t  r e l a t i o n s h i p  of reefed dsag apes to canopy lead?.ng, wkdch 

was q u i t e  u n e x p e c t e d ,  It w i l l  be n o t e d  from F i g u r e  34 t h a t  drag 

algea i n c r e a s e s  w i t h  i n c r e a s e  i n  e a b p y  load ing ,  L e e  i n c r e a s e  it< 

v e h i c l e  w e i g h t ,  Drag area is plotted as preport$omate t o  t h e  

" r a t i s  o f  nominal  d i a m e t e r  t o  ~ e e f e d , d $ a r n e t e ~ ,  a l t h o u g h  t h e  se -  

s u l t  is t h e  same i f  a c t u a l  d rag  a p c a  i s  u sed ,  It  may be  t h e o r i z e d  

t h a t  t h i s  e f f $ c t  i s  due t o  h i g h e r  i n t e r n a l  p r e s s u r e  which f o r c e s  

t h e  canopy t o  assume a b r o a d e r  p r o j e c t e d  d i a m e t e r ,  It h a s  been  

obse rved  from d r o p  t e s t  f i l m s  t h a t  t h e  Para-Sail n o r m a l l y  assumes 

a veFy s p h e ~ i e a l  reefed  shape ,  r a t h e r  t h a n  th'e s o - c a l l e d  " l i g h t  

bulb shapeu normally a,ssosiated w i t h  c ~ n v e n t i a n a k  c a n o p i e s ,  How- 

ever ,  it i s  a l s o  wor th  n o t i n g  t h a t  c s n v e n t i ~ n a l  s o l i d  c a n o p i e s  

w i l l  a l s o  form a mope s p h e r i c a l  peered shape  u n d e r  h i g h e r  canopy 

l o a d i n g ,  

A s  an a i d  i n  a n a l y z i n g  t h e  opening p r o c e s s ,  f l f l i n g  

t i m e s  have been graphed a g a i n s t  what a p p e a r s  t o  be  t h e  i n f l u e n c -  

9ng p a r a m e t e r s  o f  v e l s e i t y ,  d i a m e t e r ,  w e i g h h a n d  density r a t i o  

a s  shown i n  F i g u r e s  35 and 36 f o r  t h e  r e e f e d  and d i s r e e f e d  c a s e s  

r e s p e c t i v e l y ,  

I n  a s i m i l a r  manner, open ing  f o r c e  i s  shown v e r s u s  

t h e  momentum o f  t h e  system a t  t h e  t ime  o f  l i n e  s t r e t c h ,  o r  more 

s i m p l y , t h e  p r o d u c t  of  v e h i c l e  welght  and s p e e d ,  T h i s  was done 

for ~ e c f ' e d  and d%sreered cases as px7esented in Figu-res 37 and 

38 * 



This i n f o r m a t i o n  serves as t h e  basis f o r  additional. 

a n a l y s i s  i n  S e c t i o n  5,10 i n  a t t e m p t h n g  t o  a r s l v e  a t  e m p i r i c a l  

d a t a  c u r v e s  f o r  open%ng shock re%atLons, 

4,2,4 I n t e r n a l  P a r a c h u t e  Per formance  

A s e p a r a t e  s t u d y  was made of t h e  i n f l a t i o n  c h a r a c t e p -  

i s t i c s  of t h e  i n t e r n a l  p a r a c h u t e ,  a 1 8  f o o t  d i a m e t e r  R i b l e s s  

Guide S u r f a c e ,  The i n f o r m a t i o n  was o b t a i n e d  from f o r c e  t r a c e s  

and t r a J e c t o r y  h i s t o r y  o f  t h e  d r o p  t e s t s .  T h i s  da ta  i s  summarized 

i n  T a b l e  Y E ,  The r e l a t i o n s h i p  o f  f i l l i n g  t i m e  t o  w e l o c i t y  i s  

shown i n  F i g u r e  39a. Two shock (xK)  f a c t o ~ s  a r e  i n c l u d e d  in 

F i g u r e s  39b and c ,  One i s  b a s e d  on v e l o c i t y  a t  s k i r t  emergence 

from t h e  bag and  t h e  o t h e r  on v e l o c i t y  a t  i n f l a t i o n ,  O f  t h e  two, 

t h e  fo rmer  I s  p r o b a b l y  t h e  more usefu.1 and shows a n e a r l y  con- 

s t a n t  shock f a c t o r  o f  , 8  o v e r  t h e  r a n g e  o f  d a t a ,  These a re  a l l  

a t  a p r imary  canopy boad ing  o f  , 9 6 ,  U n f o r t u n a t e l y  t h e  e f f e c t  

of  t h e  canopy l o a d i n g  v a r i a b l e  c a n n o t  be  d e t e r m i n e d ,  

Observed R e s u l t  s 

Radial F o l d  o f  Drop Number 13 

More r e c e n t  e x p e r i e n c e  u n d e r  o t h e r  c o n t r a c t s  may pro-  

v i d e  a c l u e  t o  c a u s e s  o f  t h e  r a d i a l  t u c k  exhibited in d r o p  t e s t  

number 13 a s  shown i n  F i g u r e  1 8 ,  T e s t s  have  shown t h a t  t h e  a d d i -  

t i o n  of e x c e s s i v e  f u l l n e s s  t o  t h e  g o r e  w i d t h  w i l l  c r e a s e  a ra.diaX 

f o l d  i n  t h e  l e a d i n g  s u r f a c e ,  The s t a b i l i z e r s  n o r m a l l y  e x e r t  a 

f o r c e  t e n d i n g  t o  d i s t o r t  t h e  canopy i n t o  an e l l i p t i c a l  p l a n f o r m ,  

T h l s  f o r c e  a l s o  a p p e a r s  t o  i n f l u e n c e  canopy p r o f i l e  as w e l l ,  

Hence it may b e  t h e o r i z e d  t h a t  t h e  a b s e n c e  o f  t h e s e  s tabl l . lzess  

p e r m i t t e d  an  e x c e s s  o f  c l o t h  t o  fo rm  on t h e  Leading s u r f a c e  

which c o u l d  n o t  be s u p p o r t e d  b y  i n t e r n a l  p r e s s u r e  and t h e r e f o r e  

formed a r a d i a , l  f o l d ,  - 72 - 



Drops 1 4  and 15 whlch wese u n s u c c e s s f u l ,  e x h i b i t e d  

c e p t a i n  p ~ * s b l e m s  related t o  reefing, To r e c a p i t u l a t e ,  dn test 

number 1 4 ,  t h e  r e e f i n g  s i n g s  wese r i p p e d  f rom the forwas-d skirt  

of t h e  canopy, which w%s at t h a t  t i m e  a t t r i b u t e d  t o  an o v e r  

s t r e n g t h  s u s p e n s i o n  l i n e  r e t a i n e d  from a p r e v i o u s  t e s t ,  T h i s  

s i t u a t i o n  was remedied  and t h e  r e e f i n g  r i n g  a t t a c h m e n t  s t r e n g t h -  

e n e d ,  I n  t h e  n e x t  t e s t  under  i d e n t i c a l  c o n d i t i o n s  t h e  r e e f i n g  

Line  f a i l e d ,  Both t e s t s  i n d i e a t e  that u n u s u a l l y  h i g h  forces 

were produced i n  t h e  r e e f i n g  l i n e ,  Whether o r  no t  t h e s e  f o r c e s  

are normal w i t h  Para-Sail  i n f l a t i o n  i s  n o t  known, On a sub- 

s e q u e n t  t e s t ,  s e e f i n g  l i n e  s t r e n g t h  was i n c r e a s e d  f rom 1,000 

t o  1 ,500 pounds and t h e  manner of s p a c i n g  t h e  l i n e  d e s c r i b e d  i n  

S e c t i o n  3,1,12 a d o p t e d ,  F u r t h e r  d % f f i c u % t i e s  d i d  n o t  l n s u e  a f t e r  

this a c t i o n ,  

Damage R e p o r t s  

P lanview damage c h a r t s  a re  I n c l u d e d  I n  Appendix D o  

U n f o r t u n a t e l y  a c c u r a t e  r e c o r d s  were n o t  a lways  kep t  sf t h e  damage, 

s i n c e  many t imes  a  canopy was s o  c o m p l e t e l y  d e s t r o y e d  t h a t  t h e  

t a s k  of  c h a r t i n g  became enormous aria t o ' s o m e  e x t e n t  t h e  i n f o r -  

ma t ion  of  l i t t l e  v a l u e ,  Koweves, among damage c h a r t s  of  s u c c e s s -  

f u l  t e s t s  a c e r t a i n  p a t t e r n  o f  damage i s  i n d i c a t e d ,  T h i s  p a t t e r n  

shows t h e  h i g h e s t  i n c i d e n c e  o f  damage t o  be i n  t h e  1 0 t h  p a n e l  

from t h e  s k i r t  and p r i m a r i l y  i n  t h e  p e a r ,  b u t  e x t e n d i n g  t o  t h e  

s i d e  a r e a s ,  T h i s  i s  s u b s t a n t i a t e d  b y  t h e  r e s u l t s  of  Tab le  V ,  

shovsing t h e  r e a r  risers to s u s t a i n  a h i g h e r  opening load, 
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A t  t h e  outcorrie o f  % h 9 s  prog~-afil, a. l a ~ g e  Para-Sail emerged. 

which a l t h o u g h  it had n o t  ach ieved  all of  t h e  d e s l r e d  c h a r a c t e r -  

i s t i c s  a n t i c i p a t e d  f o r  i t ,  had never t laeless  a t t a i n e d  a l e v e l  o f  

development which makes wor thwhi le  some a n a l y s i s  o f  t h e  i m p o r t a n t  

d e s i g n  c h a r a c t e r % s t i c s ,  The r e s u l t s  sf t h i s  a n a l y s i s  may serve 

as a r e f e r e n c e  p o i n t  in f u t u r e  development e f f o r t s ,  En t h e  

f o l l o w i n g  s u b - s e c t i o n s  such i t e m s  a s  t h e  b a s i c  canopy shape ,  a r e a  

d i s t r i b u t i o n ,  geometry,  s t r u c t u r a l  and s t r e s s  a n a l y s i s ,  and pro-  

f i l e  and planform d e t a i l s  w i l l  be c o n s i d e r e d ,  

5 0 l - B a s i c  Canopy Shape 

The p a r a - s a i l  p a r a c h u t e  o f  . t h i s  progranl began Its e x i s -  

t a n c e  a s  Ghat might  be termed a b i c o n i c a l  d e s i g n .  T h i s  con- 

f i g u r a t i o n  was w e l l  s u i t e d  t o  t h e  inverted apex and c e n t e r  

s u s p e n s i o n  L ine  f e a t u r e s  o f  80L-9, ~ o w C ? Q ~ ~ ,  as can be s e e n  from 

Tab le  VIE o f  S e c t i o n  4 ,  t h e s e  f e a t u r e s  produced immense deploy-  

ment problems w i t h  e x c e s s i v e  l o a d s ,  and c o n s e q u e n t l y  t h e  shape  

wa.s modif ied  t o  a  t r l c o n i c i ~ l  d e s i g n  b y  removing t h e  uppek4 c o n i c a l  

apex o r  crown s e c t i o n  and repla.c%ng w i t h  a f l a t  c i r c u l a r  c a p ,  

d e l e t i n g  t h e  c e n t e r  s u s p e n s i o n  l i n e  a l s o ,  

F igu re  110 p r e s e n t s  t h e  b a s i c  canopy sha.pe d e r i v e d  from 

t h i s  program, T h i s  shape  i s  compsised sf a f l a t  c i r c u l a r  p l a t e  

capp ing  t h e  s m a l l  d i a m e t e r  o f  a t r u n c a t e d  r i g h t  c i r c u l a r  cone  

which h a s  an i n c l u d e d  h a l f  ang l e  o f  6 5 O  08 '  45", T h i s  cone i n  

t u ~ n  has i t s  Large d i a m e t e r  j o i n e d  t o  t h e  s m a l l  d tarneter  of 

a n o t h e r  r i g h t  c i a -cu la r  cone w l t h  a lza9 f ang le  o f  02O 02' "ji', 

T h i s  d e s i g n  h a s  demons t ra ted  t h a t  t h e  l i f t / d r a . g  r a t i s  

was u n a f f e c t e d  b y  removal of t h e  c e n t e r l i n e ,  a l t h o u g h  t h e  l o s s  

o f  d r ag  was s i g n i f i c a n t ,  - 95 - 



The r e p r e s e n t a t i v e  gore i s  shown shaded in P i g u m  45 

and i s  e s t a b l i s h e d  a s  t h e  segment between su.spenshon l i n e s  from 

t h e  canopy d e f i n e d  above ,  The g o r e  s o  d e r i v e d  f ~ s m  t h i s  shape 

f o r  t h e  t e s t  i t e m  of' t h i s  ppsgrarn Is  s h ~ w n  i n  d e t a i l  in Figure 

4 1 ,  E t  w i l l  b e  n o t e d  t h a t  t h e  f i n a l  g o s e  r e p r e s e n t e d  by  Frame l 

i n c l u d e s  a s i g n i f i c a n t  amount o f  a d d i t i o n a l  c l o t h  between suspen-  

s i o n  I $ n e s  i n  c e r t a i n  a s e a s ,  T h i s  c l o t h  2 s  te rmed " f u l l n e s s "  

and was added t o  p r o v i d e  more c u r v a t u r e  t o  t h e  g o r e  c i r cu rn fe r -  

e n t i a l l y  and  t h e r e b y  r e d u c e  s t r ess ,  

5 * 2  D e t e r m i n a t i o n  o f  Nominal Diamete r  

A number o f  methods a r e  a v a i l a b l e  f o r  t h e  c a l c u l a t i o n  

of nominal  d i a m e t e r ,  I t  i s  p o s s i b l e  t o  d e t e r m i n e  a.ctuaL c l o t h  

area of t h e  p a r a c h u t e  by summing t h e  ' i n d i v i d u a l  p a n e l s  ( o f  

which t h e r e  a r e  49 i n  t h e  c o n f i g u r a t i o n  u n d e r  s t u d y )  and e z p r e s s i n g  

t h i s  t o t a l  a r e a  by  means o f  d i a m e t e r ,  It might  be a rgued  t h a t  

t h e  open a r e a s  o f  t h e  many s l o t s  s h o u l d  be  added t o  t h i s  v a l u e  

3 d n c e  t h e  a r e a  of t h e  open s p a c e s  i n  r i b b o n  and r i n g  s l o t  c a n ~ p i e s  

i s  i n c l u d e d  i n  t o t a l  a r e a ,  However, n e i t h e r  sf t h e s e  methods 

sf e x p r e s s i n g  s i z e  h a s  been  s e l e c t e d ,  By t h e i r  c o m p l e x i t y  and 

d e t a i l  t h e y  become t o o  cumbersome t o  be  o f  u s e ,  The p r o c e d u r e  

u t i l i z e d  i s  b a s e d  upon t h e  area o f  t h e  r e p r e s e n t a t i v e  g o r e  shown 

i n  F i g u r e  40  and Frame 2 o f  F i g u r e  4 1 ,  p l u s  t h e  ar-ea o f  s t a b i l i z e r  

p a n e l s ,  T h i s  a r e a  i n c l u d e s  t h a t  sf t h e  v e n t  b u t  n o t  o f  t h e  

s l o t s ,  The e f f e c t  o f  g o r e s  o f  v a r y i n g  l e n g t h  i s  n o t  i n c l u d e d ,  

The a r e a  i s  t h e r e f o r e  d e t e r m i n e d  by t h e  area  of' t h e  r e p r e s e n t a t i v e  

gose m u l t i p l i e d  by t h e  t o t a l  number of  g o r e s  p l u s  t h e  area of' 

t h e  s t a b i l i z e r  p a n e l s ,  T h i s  f i g u r e  i s  t h e n  e x p r e s s e d  t h r u  t h e  

t e r m  'hominal  diameter ' :  



For  compara t ive  p u r p o s e s  t h e  three areas discussed 

above a r e  shown below, computed f a r  the test item 80A-9, 
2 

l ,  T o t a l  p a n e l  a rea  - 5 5 1 5 4 , 0  f t ,  o r  81,0 ft, dia, 
2 

2 ,  T o t a l  p a n e l  a rea  -k s l o t  a rea  = 5 , 5 4 5 * 6  f t o  o r  84,G f t ,  

d i a ,  

3 @  Area b a s e d  on r e p r e s e n t a t i v e  gore  = 4 ,9L6 ,3  o r  7 9 , 4  f t .  

d i a ,  
0 

It w i l l  be n o t e d  fx%om t h e s e  f i g u r e s  t h a t  d i a m e t e r  does  

n o t  va ry  s i g n i f i c a n t l y  by any  of t h e  methods,  For  t h e  sake  o f  

convenience  and f o r  t h e  wide range  of  a p p l i c a t i o n  t h e  l a t t e r  

method appears t o  be  t h e  most sound,  

563 P o r o s i t y  and Area D i s t r i b u t i o n  

The a r e a s  and p o r o s i t i e s  f o r  the f i n a l  c o n f i g u r a t i o n  

have been c a % c u l a t e d  and ape  p r e s e n t e d  i n  Tabl-e V I I E ,  I n  t h i ~  

t a b u l a t i o n  t h e  r e d u c t i o n  i n  v e n t  s i z e  c r e a t e d  by t h e  e l a s t i c  

hood has been n e g l e c t e d  and t h e  c o n s t r u c t e d  v e n t  a rea  i s  u s e d ,  

D e t e ~ m i n a t i s n  o f  s l o t  a r e a s  i s  accompl ished by  assum- 

ing t h e  s l o t  shape  i n  t h e  i n f l a t e d  canopy t o  be bounded by an a r c  

( l e a d i n g  edge o f  p a n e l )  and a c o r d  ( t r a i l i n g  edge o f  a d j a c e n t  

p a n e l ) ,  A c t u a l l y  such  a method Zs n o t  e n t i r e l y  c o r r e c t ,  s i n c e  

i n  a n  i n f l a t e d  canopy t h e  t r a i l i n g  edge of  a s l o t  p a n e l  a l s o  

forms an  a r c , -  The c u r v a t u r e  o f  t h e  two a r c s  bounding t h e  s l o t  

can be  de te rmined  i f  t h e  i n f l a t e d  p r o f i l e  o f  t h e  canopy i s  known, 

The e f f e c t  w i l l  be one of  r e d u c t i o n  i n  area compared t o  t h e  a r c  

c o r d  method, K o w e v e ~ ,  f o r  general ,  d e s i g n  purposes  the s i m p l e r  

method su f f '%ces ,  

P o r o s i t y  is a l s o  based upon t h e  area o f  t h e  canopy 

w i t h o u t  i n c l u d i n g  t h e  ayes o f  s t a b i l i z e r  p a n e l s ,  Al though 



s t a b i l i z e r s  are  i n c l u d e d  i n  t h e  d e t c r m i n a t i s n  o f  canopy size, 
p"-2 

[\ -2 t h e y  cannot  b e  considered a c o n t r i b u t i n g  part of canopy drag 

area ,  There  i s ,  however ,  a d i s t i n c t  p r o b a b i l i t y  t h a t  t h e  pseaence 

of w%abi%%zcrs may in$ luence  canopy p lanform and e f f e c t  t h e  l i f t  

c o e f f i c i e n t ,  

Although $he Pax-a-Sail parachute  fs f abs fea ted  pr i rna~i3 .y  

s f  a n e a r l y  eepo p e r m e a b i l i t y  c l o t h ,  i t  w i l l  b e  no t ed  from Tab le  

VIE1 t h a t  t o t a l  p o r o s i t y  is i n  t h e  o r d e ~  o f  8 ,84$,  T h i s  v a l u e  

may be conve~ted t o  a n  e q u % v a l e n t  pe rmembi l i sy  fo: t h e  e n t i r e  
27,4 F t  , ' / ~ t ,   in, ( Pepme ) 

canopy by m u l t i p l y i n g  by t h e  f a c t o r  -w---- 1% ( F o r a s i t y )  8 

2 
which produces  a v a l u e  o f  242  ~ t . ~ / ~ t .  /Mino under  L/2 i n c h  of 

w a t e ~  p r e s s u r e ,  T h i s  p e r m e a b i l i t y  i s  uhusuaLly  h igh  f o r  a pasa- 

c h u t e  ~f t h i s  a p p l i c a t i o n ,  a t  l e a s %  when c ~ m p a r e d  t o  c o n v e n t i o n a l  

t y p e  s o l f d  c a n o p i e s ,  The p e r m e a b i l i t y  range f o r  suck pa rachu te s  

i s  i n  t h e  range of  80 t o  $508 Even among t h e  mare permeable Mil- 

Spec f a b r i c s  f o r  p a r a c h u t e s  t h i s  v a l u e  docs n o t  exceed 200 e u ,  ft,/ 

s q ,  f t , / m f n ,  

Consequent ly ,  it i s  n o t  s u r p r i s i n g  i n  view o f  t h i s  

a s p e c t ,  t h a t  P a r a - S a i l  open ings  were slow and e r r a t i c  and t h a t  

i n t s o d u c t i o n  of t h e  i n t e r n a l  p a r a c h u t e  proved a v a l u a b l e  I n f l a t i o n  

a i d ,  

5 @ 4 Basie E n g f n e e r l n g  Geometry 

F i g u r e s  4 1  t h r u  43 p r e s e n t  s c h e m a t i c a l l y  t h e  b a s i c  

geometry o f  t h e  d e r i v e d  80A-9, %has d a t a  corn"vined w i t h  t h e  p o r o s i t y  

i n f o r m a t i o n  of Tab le  VEII c o m p r i s e s  t h e  e s s e n t i a l  d e s i g n  i n f u r m a -  

t l o n  f o p  t h i s  c a n f $ g u ~ % a t % o n  and s h o u l d  be  utilized as a gu ide  in 

f u t u r e  d e s i g n s ,  The ba sks  gape sf F i g u r e  41 has been determined 



i n  a c c o ~ d a n c e  w i t h  t h e  b a s i c  canopy shape shown i n  F i g u r e  40,  

FuLlness ,  o r  a d d i t i o n a l  c l o t h ,  i s  i n d % c % t e d  I n  Frame I of  F igu re  

4 1 ,  

5 * 5  F a b r i c a t i o n  and M a t e r i a l s  S t u d i e s  

M a t e r i a l s  % n v e s % i g a t % o n s  

S t r u c t u r a l  f a i l u r e s  i n  t h e  P a r a - S a i l  canopy f a b r i c  

p r e s e n t e d  e v i d e n c e  i n d i c a t i n g  t h e  n e c e s s i t y  f o r  improvement i n  

t h r e e  apeas:  f a b r i c a t i o n  t e c h n i q u e s ,  (seam e f f i e i e n e l e s )  d e s i g n  

geometry ,  ( f u l l n e s s ,  gore  s h a p e )  and improved m a t e r i a l s ,  En 

r e g a ~ d  t o  t h i s  l a t t e r  a r e a  a l i m i t e d  e f f o r t  i n v e s t I g x t d o n  was i n -  

s t i t u t e d  t o  l o c a t e  more suitable m a t e r i a l s ,  &rf o r  t o  f a b r f  c a t f  on 

of t h e  f i r s t  Para-Sail  f o r  s p o r t  use  a r e a s o n a b l y  thorough  s e a r c h  ' 

f o r  low p o r o s i t y  mca"ceria3.s sf adequa te '  s t r e n g t h  had been made of 

t h e  v a r i o u s  c l o t h  s u p p l i e r s  and f i n i s h e r s ,  The  most psomising of' 

t h e  m a t e r i a l s  appeared t o  be a  c l o s e  weave ny lon  t a f f e t a  c a l e n d e r e d  

t o  a p o r o s i t y  o f  Less  t h a n  1 0  e u ,  f t , / s q ,  f t . / m i n ,  It was t h i s  

m a t e r i a l  which has s i n c e  been used I n  P a r a - S a i l  f a b r i c a t i o n ,  

P r i o s  t o  t h i s  time a d d i t i o n a l  e x p e r i e n c e  had been g a i n e d  i n  t h e  

s e a r c h  f o r  low p o r o s i t y  m a t e r i a l s  f o p  u . t i l % z a t i o n  i n  t h e  Vor tex  

Ring  P a r a c h u t e ,  a r o t a t i n g  p a r a c h u t e  which g a i n e d  l i f t  t h p u  

a u t o r o t a t i o n  o f  t h e  p a n e l s ,  For  t h i s  a p p l i c a t i o n  v a r i o u s  Nylon 

and Dacron s a i l  f a b r i c s  a s  w e l l  a s  c o z t e d  f a b r i c s  were S n v e s t i g a t e d  

i n  a v e r y  e x t e n s i v e  program, I n  g e n e r a l  t h e s e  r e s u l t s  produced 

e v i d e n c e  t h a t  f a b r i c s  o f  L O W  porosity and s u i t a b l e  weight  o f t e n  

e x h i b i t e d  a d e q u a t e  t e n s i l e  s t r e n g t h s ,  b u t  l a c k e d  s u f f i c i e n t  t e a r  

s t r e n g t h  and p r o d u c e d  c o n v e n t i o n a l  p a r a c f i u t e  seams of c n i n p a r a t i v e l y  

low e f f i c i e n c y ,  



With t h i s  background o f  cxpe rLence ,  renewed e f f o r t s  

were i n i t i a t e d  to l o c a t e  more s u i t a b l e  materials, Although t h e  

two p r e v i o u s  P n v e s t i g a t B o n s  had been  q u i t e  e x t e n s i v e  i t  was 

p o s s i b l e  t h a t  new deve lopment s  had a r i s e n  In t h e  f i e l d  o f  low 

p o ~ o s i t y  f a b r i c s ,  I n  t h e  most c u ~ r e n t  i n v e s t i g a t i o n  t h e  o n l y  

n o t a b l e  c l o t h s  were t h e  f a m i l y  o f  c o a t e d  f a b r i c s  p r e s e n t e d  i n  

T a b l e  I X ,  The i n f o r m a t i o n  p r e s e n t e d  r e p r e s e n t s  t e s t  r e s u l t s  and 
L 

i s  s u p p o r t e d  b y  d a t a  i n  Appendix B ,  The ~rzax.irnum p e r m e ~ b i l l t y  

values i n  t h i s  t a b l e  i n d i c a t e  $he e f f e c t  o f  "man h a n d l i n g "  t h e  

m a t e r i a l  as  would p e r h a p s  o c c u r  i n  a p a r a c h u t e  i n f l a t i o n ,  

It w i l l  be n o t e d  %rom.Tab le  IX t h a t  some o f  t h e  i n -  

v e s t i g a t e d  m a t e r i a l s  e x h i b i t e d  m e c h a n i c a l  p r o p e r t i e s  seeming ly  

s u p e r i o r  t o  t h e  t a f f e t a  m a t e r i a l  o f  p r e s e n t  u$age.  However, a 

complete  p i c t u r e  i s  n o t  o b t a i n e d  u n t i l  f a b r i c a t i o n  t e c h n i q u e s  

0 have been  s t u d i e d  f o r  a p a r t i c u l a s  f a b r i c ,  

F o r  t h i s  a n a l y s i s ,  i d e n t i c a l  seams were f a b r i c a t e d  from 

t h e  appllieab1.e new m a t e r i a l s ,  as we11 a s  t h e  prev5ousl .y  u s e d  

ta f fe ta ,  so "cat seam s t r e l ~ g t h s  and e f f i c i e n c i e s  c o u l d  be d e t e r m i n e d  

and compared, The r e s u l t s  o f  t h e s e  t e s t s  a r e  shown i n  t h e  l a s t  

c ~ l u m n  s f  T a b l e  EX and i n d i c a t e  t h a t  a l t h o u g h  a material may 

e x h i b i t  v e r y  d e s i r a b l e  m e c h a n i c a l  p r o p e r t i e s ,  a c t u a l  f a b r i c a t i o n  

may p s s d u c e  l e s s  t h a n  t h e  d e s i r e d  s e s u l t s ,  

T h i s  f a c t  i s  e v i d e n c e d  by t h e  c o m p a r a t i v e l y  poor  seam 

e f f i c i e n c i e s  g e n e r a t e d  by some o f  t h e  m a t e r i a l s  which o t h e r w i s e  

e x h i b i t e d  somewhat s u p e r i o r  t e n s i l e  and t e a r  p r o p e r t i e s ,  T h i s  

i s  g e n e r a l l y  a t t r i b u t e d  t o  the f a c t  t h a t  t h e s e  were coa ted  f a b r i c s ,  

c3 t h e  c o a t i n g  r e d u c i n g  t h e  e x t e n s i b i l i t y  sf t h e  f i b e r s  and t h e i r  
-27' 

a b i l i t y  t o  r e a l i g n  t o  r e d u c e  s t r e s s ,  The outcome o f  t h i s  i n -  



v e s t i g a t l ~ o n  was the csnc%u:?bon t h a t  the t a f f e t a  material was 

/-*> 
k,.+ s u p e r i o r  t o  any o r  t h e  o t h e r  m a t e r i a l s  s t u d d e d  for t h i s  a p p l i -  

c a t i o n  and i t s  u s e  i n  t h e  canopy was c o n t i n u e d ,  

56562 Fabrication S t u d i e s  

I n  an e f f o r t  t o  improve s t r u c t u r a l  i n t e g r i t y ,  a s tudy '  

was made of' p o s s i b l e  improvements i n  seam c o n s t r u c t i o n  as h a s  

been s t a t e d  p r e v i o u s l y ,  Because o f  former s a t i s f a c t o r y  expe- 

r i e n c e  w i t h  t h e  b u t t e d  r a d i a l  seam t y p e  of c o n s t r u c t i o n  i n  t h e  

s m a l l e r  P a r a - S a i l s ,  t h i s  method was adop ted  i n  t h e  l a r g e r  v e r s i o n ,  

However, d e f i c i e n c i e s  became a p p a r e n t  as d r o p  t e s t i n g  p r o g ~ e s s e d ,  

These d e f i c i e n c i e s  n e c e s s i t a t e d  a r e e v a l u a t i o n  sf t h e  t y p e  of' 

r a d i a l  seam c o n s t r u c t i o n ,  r e q u i r i n g  on? o f  a h i g h e r  e f f i c i e n c y ,  

The r e s u l t s  o f  t h e s e  s t u d i e d  are p r e s e n t e d  i n  T a b l e  X w i t h  r e f -  

e r e n c e  t o  F i g u r e  4 4  f o r  c o n s t r u c t i o n  in fo r rna t lon ,  T e s t s  were 

performed %n accordance  w i t h  t h e  methods o u t l i n e d  i n  Refe rence  

8 ,  From t h i s  t a b l e ,  t e s t  group number 7 i s  r e p r e s e n t a t i v e  o f  

t h e  o r i g i n a l  r a d i a l  seam c o n s t r u c t i o n ,  Of t h e  seams and m a t e r i a l s  

i n v e s t i g a t e d ,  t e s t  group number 3 appeared  t o  be t h e  most p r e m i s i n g  

and was s e l e c t e d  f o r  a p p l i c a t i o n  i n  a  r e d e s i g n e d  P a r a - S a i l ,  T h i s  

new d e s i g n  a l s o  u t i l i z e d  b i a s  c o n s t r u c t i o n  which, i t  s h o u l d  be 

n o t e d  f ~ o m  t h e  above t a b l e ,  a f f o r d s  added s t r e n g t h ,  These r e s u l t s  

were a l s o  u t i l i z e d  i n  e s t a b l i s h i n g  t h e  sewing e f f i c i e n c i e s  p ~ e s e n t e d  

i n  T a b l e  E X ,  

Ac tua l  f a b r i c a t i o n  o f  a P a r a - S a i l  w i t h  t h e  s e l e c t e d  

l o c k  seam produced a canopy of l i g h t e r  weight  (by  a p p r o x i m a t e l y  

l O  pounds)  and of h i g h e p  strength than t h e  o r i g i n a l  b u t t  seam 

c o n s t r u c t i o n ,  This change i n  c o n s t r u c t i o n  c o n t r i b u t e d  v e r y  g r e a t l y  

toward achievement  sf t h e  deployment and s t r e n g t h  c a p a b i l i t y  whiek 

was d e m o n s t r a t e d ,  - 3.03, - 



Para-Sad1 Component S t ~ e n g t h  

ConsidesabLe knowledge vegard ing  a c t u a l  opening f o r c e s  

was a c q u i r e d  dus fng  t h i s  program, P r i o r  t o  t h e  i n i t i a l  design 

of C a n f i g u ~ a t i o n  80A-l on ly  v e r y  rud imenta ry  S n f o ~ m a t i o n  f o r  2 5  

f o o t  d l a m e t e r  P a r a - S a i l s  had been o b t a i n e d ,  ( see  Refe rence  5 ) ,  

T h i s  d a t a  d i d  n o t  i n d i c a t e  s i g n i f i c a n t % y  h i g h e r  opening shocks  

when compared t o  a c o n v e n t i o n a l  f l a t  c i r c u l a r  canopy,  However, 

i t  i s  n o t  f e a s i b l e  t o  e x t r a p o l a t e  t h i s  d a t a  f o r  t h e  l a r g e r  para- 

c h u t e ,  A s  a r e s u l t  i t  was n e c e s s a r y  t o  perform t h e  i n i t i a l  d e s i g n  

w i t h o u t  any knowledge of  open ing  f o r c e s  o r  canopy s t r e s s e s ,  Be- 

c a u s e  sf t h e  i n t r o d u c t i o n  of  a c e n t e r l i n e  i n  t h e  o r i g i n a l  eon- 

f i g u r a t i o n ,  an e x t r e m e l y  u n u s u a l  canopy shape r e s u l t e d  b o t h  d u r i n g  

and a f t e r  i n f l a t i o n .  Such a  shape pre.cluded t h e  a p p l i c a t i o n  of  

c o n v e n t i o n a l  s t r ess  a n a l y s i s ,  i n c l u d i n g  s i m p l e  hoop s t r e s s ,  A c t u a l  
g%J$ 

f o r c e  d a t a  was n o t  a v a i l a b l e  u n t i l  i n s t r u m e n t e d  t e s t s  had been 

accompl ished a t  E l  Cen t ro ,  Although t h e r e  weye no a t t e m p t s  made 

t o  measure i n d i v i d u a l  r i s e r  l o a d s  d u r i n g  t h e  e a r l y  s t a g e s  of t e s t -  

i n g ,  a c t u a l  s t r u c t u r a l  f a i l u r e  on t h e  canopy a s  w e l l  a s  photo-  

g r a p h i c  e v i d e n c e  i n d i c a t e d  a n  asymmetr ic  l o a d i n g  sf t h e  canopy 

s u s p e n s i o n  sys tem,  The r e a r  p o r t i o n  sf t h e  canopy a lways  appeased 

t o  i n f l a t e  f i r s t  and produce  h i g h e ~  l o a d i n g s ,  As a r e s u l t  some 

a t t e m p t s  were made t o  r e i n f o r c e  t h e s e  s e c t i o n s  of  t h e  canopy,  

S i n c e  canopy c o n s t r u c t i o n  v a r i e d  somewhat t h r o u g h o u t  t h e  program, 

o n l y  t h e  r e s u l t s  o f  i n v e s t i g a t i v e  d e s t r u c t i v e  t e s t s  which app ly  

t o  t h e  f i n a l  c o n f i g u r a t i o n  a r e  p r e s e n t e d ,  

These r e s u l t s  a r e  sumrnar3.zed i n  t h e  f o l d - o u t  p i c t o r i a l  

view of  F i g u r e  45, The t e s t  p e p a r t s  i n  s u p p o r t  of  t h e s e  r e s u l t s  
Q 

a r e  i n c l u d e d  i n  Appendix C,  For  a d d i t i o n a l .  d e t a i l s  regarding con- 



struction, t h e  following Pionee r  Parachu.te Company, Inc,, 

drawings are ~ e f e r e n c e d :  

Assembly - 19,1491 
7 9 * 4  Fte Bia ,  Para-Safk - 1,149 
Deployment Bag - 1 3 , 3 2 1 2  

Rises - 3 , 7 4 2 6  

120 En, Dia, G ,  S, Canspy -.le9915, 

Bridle - 1 3 , 6 2 5 2  

Deployment Bag - 13,2064 

2 ~ , z  Determination of Stress 

As the result of data acquired undep this ppograrn, 

an,empfrical form of stress analysis becomes applicable, 6 
Utilizing the information contagned in Section 4 , 0  

regarding non-steady state characteristics, an attempt has 

been made in determining the stress in the canopy cloth, in the 

suspension system., reefing k i n e  8nd ringsg and in deployment 

aids such as the internal parachute and pilot parachute. These 

calculations are then related to the actual structupal evidence 

in Section 5 . 6 .  

Cloth Stress 

A simplified form of stress analysis is presented 

herein, which is based on the method presented in Reference 9 ,  

Page 203, This technique equates internal p r e s s u r e  to opening 

force, but does n u t  consider goye b u l d g e  os h i g h .  l o c a l  r a d i i  of 

0 curvature, and 9s based on the assumption t h a t  the drag produ- 

cing surface may be represented as a t h f n  w a l l e d  hemisphere ,  



The e q u a t i o n  deve loped  for c l o t h  stress i s  as f o l l o w s :  

where t h e  u n i t s  o f  L a r e  % b s , / % n ,  
S 

A f t e r  f u l l  r e e f e d  open ing ,  t h e  f o r c e  on t h e  

p a r a c h u t e  decays  u n t i l  d i s r e e f  o c c u r s ,  At such  t l m e  t h e  f o r c e  

a g a f n  i n c r e a s e s  u n t i l  a  maximum i s  r e a c h e d ,  which i f  p r o p e r  

r e e f i n g  l i n e  l e n g t h  and t ime  d e l a y  a r e  combined, w i l l  be  

s l i g h t l y  l e s s  t h a n  t h e  r e e f e d  open ing  f o r c e ,  Hence, i t  can 

be  s e e n  from E q u a t i o n  5 t h a t  a t  a  maximum F w%l% b e  no g r e a t e r  

d i s r e e f e d  t h a n  r e e f e d ,  whereas B ( t h e  d i a m e t e r  p r o j e c t e d  a t  
P 

a p a r t i c u l a r  i n s t a n t )  w i l l  c o n t i n u e  t o  ' i n c r e a s e  Very s i g n i -  

f i c a n t l y ,  T h e r e f o r e ,  f rom t h e  mathemat ics ,  t h e  maxEmurn 

c l o t h  s t r e s s ,  LS, i n  t h e  d i s r e e f e d  phase  must b e  s i g n i f f -  

c a n t l y  l e s s  t h a n  f o p  t h e  r e e f e d  opening s t a g e ,  

E x p e r i e n c e  under  t h i s  program t e n d s  t o  s u p p o r t  

t h i s  t h e o r y ,  s i n c e  it h a s  been shown i n  d rop  t e s t s  t h a t  

major  canopy damage occurred d u r i n g  t h e  r e e f e d  p o r t i o n  of' 

i n f l a t i o n  and it  i s  o n l y  f o r  t h i s  phase  t h a t  c l o t h  s t r e s s  i s  

c a l c u l a t e d ,  

With mot ion  p i c t u r e  d a t a ,  f o r c e  t ime  h i s t o r y  and 

sequence  o f  e v e n t s  h i s t o r y ,  a l l - f r o m  d r o p  t e s t s  under  t h i s  

p r o g r a m s i t  was p o s s i b l e  t o  e s t a b l i s h  t w o  d i m e n s i o n l e s s  

c u r v e s ,  one f o r  f o r c e  ( F i g u r e  45) and one f o r  p r o j e c t e d  

r e e f e d  d i a m e t e r  ( F i g u r e  4 6 ) ,  Also from t h e  mot ion  p i c t u r e  

film i t  was p o s s i b l e  t o  e s t a b l i s h  some f a i r l y  px-ecise 

d imens iona l  r e l a t i o n s h i p s  f o r  t h e  r e e f e d  P a r a - S a i l .  From 



t h e s e  f i lms a maximum p ro3ec t ed  d i a m e t e r  o f  27*3 ft* was 
0 
../ d e t e r m i n e d ,  It will be n o t e d  t h a t  two heavy curves for fo rce  

are i n d i c a t e d  i n  F i g u r e  4 6 ,  one dcterrnlning t h e  maximum Porce 

e n c o u n t e r e d  and t h e  o t h e r  an  a v e r a g e ,  L ikewise ,  two such  

c u r v e s  a r e  i n d i c a t e d  f o r  p r o j e c t e d  d i a m e t e r  i n  F i g u r e  4 7 ,  one 

o f  t h e s e  r e p r e s e n t i n g  a  minimum vo,Lue and t h e  o t h e r  an  a v e r a g e .  

By s e l e c t i n g  s i m u l t a n e o u s  v a l u e s  from e a c h  o f  t h e s e  c u r v e s ,  

e q u a t i o n  ( 5 )  can  b e  s o l v e d  f o r  c l o t h  s t ress  a t  t h a t  p a r t i c u l a r  

d e g r e e  o f  i n f l a t i o n ,  The combination o f  maximum f o r c e  and 

minimum d i a m e t e r  y P e l d s  t h e  c a s e  o f  maximum s t r e s s ,  which i s  

p r e s e n t e d  %n Tab le  X I ,  Case I ,  Combining avesage  v a l u e s  

i n d i c a t e s  somewhat lower  s t r e s s e s  which a r e  a l s o  i n c l u d e d  

i n  t h e  above t a b l e  a s  Case 11, T h i s  manner of p r e s e n t a t i o n  

i s  i n t e n d e d  t o  show a p o s s i b l e  r ange  o f  s t r e s s e s  which c o u l d  

be e n c o u n t e r e d  d u r i n g  r e e f e d  i n f l a t i o n ,  I f  t h e s e  v a l u e s  a r e  

compared w i t h  t h e  seam s t r e n g t h s  i n d i c a t e d  i n  F igu re  45, 

( T e s t s  1 2 ,  1 3 ,  1 4 ,  and 1 5 )  which a r e  t h e  minimum s t r e n g t h s  

e x p e c t e d ,  i t  would a p p e a r  t h a t  very  ample s a f e t y  f a c t o r s  

e x i s t ,  i n  t h e  o r d e r  o f  3, T h i s  would n o t  accoun t  f o r  t h e  damage 

e n c o u n t e r e d  i n  a c t u a l  d rop  t e s t i n g ,  It i s  c o n c e i v a b l e  

however,  t h a t  t h i s  damage may have r e s u l t e d  from c a u s e s  o t h e r  

t han  i n t e r n a l  p r e s s u r e ,  such  as h i g h  l o c a l  a c c e l e r a t i o n s  of 

c l o t h ,  o r  a s  t h e  r e s u l t  o f  minos damage i n f l i c t e d  d u r i n g  

deployment ,  

S t r e s s  i n  t h e  Suspens ion  Sys t em 

The maximum open ing  f o r c e  encountered d u r i n g  a 

@ s u c c e s s f u l  t e s t  was i n  t h e  o r d e r  o f  %6,000  l b s ,  f o r  t h e  



t h i s  i s  t h e  number of l i n e s  p e r  l i n k ,  t h u s  r e q u a r i n g  a t e s t e d  

s t r e n g t h  of 3,896 I b s ,  It can b e  seen . f r o m  Test Number l t h a t  

t h i s  v a l u e  i s  s u r p a s s e d ,  

22LlLii Reef ing  Ring Attachment  

A c t u a l  r e e f i n g  l i n e  F o r c e s  are  n o t  a v a i l a b l e ,  The on ly  

i n f o r m a t i o n  p r o v i d i n g  any i n d i c a t i o n  whatsoever  o f  t h e  magnitude 

o f  t h e s e  f o r c e s  h a s  been p rov ided  by t h e  f a i l u r e  of a 1,000 l b ,  

a t e n s i l e  s t r e n g t h  r e e f i n g  l i n e  in Test'l\rurnber. 15 and a s i m i l a r  

f a i l u r e  r e p o r t e d  by t h e  c o n t r a c t i n g  agency d u r i n g  in-house t e s t -  

i n g ,  Packing p r o c e d u ~ e s  wibh %he f i n a l  c o n f i g u r a t i o n  u t i l i z e d  

a 1 ,500 l b ,  t e n s i l e  s t r e n g t h  l i n e  and a n  unor thodox s p a c i n g  o f  

t h e  l i n e ,  e q u a l l y  f o r e  and a f t  of  t h e  s t a b i l i z e r s  w i t h  no s p a c i n g  

a d j a c e n t  t o  t h e  s t a b i l i z e r s ,  IJo f a i l u r e s  were e n c o u n t e r e d  with 

t h i s  method, 

Based on t h e  assumpt ion  t h a t  a f o r c e  o f  approx imate ly  

1 ,000  I b s ,  e x a s t s  i n  t h e  r e e f i n g  l i n e  and t h a t  symmetry e x i s t s ,  

t h e  a p p l i e d  l o a d  on t h e  r e e f i n g  r i n g  may be c a l c u l a t e d ,  

360 360 
*RR 'RL 

s i n  = 2 ( l 8 8 O 0 )  ( S i n  ~ m )  Lbs, 

Where n  i s  t h e  number of r e e f i n g  l i n e  s p a c e s ,  Because of t h e  un- 

u s u a l  pack ing  p r o c e d u r e ,  t h i s  number i s  reduced  t o  48, r a t h e r  

t h a n  72 a s  w i t h  c o n v e n t i o n a l  pack ing ,  

It w i l l  be n o t e d  from t e s t  number 9 of  F i g u r e  45, t h a t  

t h e  s t r e n g t h  o f  t h e  r e e f i n g  r i n g  a t t a c h m e n t  g r e a t l y  exceeds  t h i s  

v a l u e ,  

5 8 * 1 e 4  I n t e r n a l  P a r a c h u t e  Loading 

A c o n s i d e r a b l e  amount of  d a t a  was collected t h r o u g h  

c e n t e r l i n e  f o r c e  measurements d u r i n g  t h e  d rop  t e s t  program, 

Based on t h i s  i n f o r m a t i o n  which i s  p r e s e n t e d  i n  T a b l e  V I  and 



F i g u r e  39 o f  S e c t i o n  4,2,4 it. i s  p o s s i b l e  t o  make a r e a s o n a b l e  

d e t e r m i n a t i o n  of  I n t e r n a l  p a r a c h u t e  f o ~ c e s  w i t h i n  t h e  r a n g e  of 

d a t a ,  I t  w i l l  be n o t e d  from F i g u r e  39 t h a t  a n  xK f a c t o r  o f  l ess  

t h a n  u n i t y  i s  p r e s e n t .  I f  t h e  v e l o c i t y  a t  sk i r i  emergence from 

t h e  deployment bag i s  used a s  a c r i t e r i o n ,  t h i s  f a c t o r  i s  i n  t h e  

o r d e r  sf ,82, T h e r e f o r e ,  t h e  f o r c e  under  launch c o n d i t i o n s  o f  

154 K I A S  f o r  a  1 0  f o o t  d i a m e t e r  R i b l e s s  Guide S u r f a c e  c h u t e  would 

be de te rmined  as f o l l o w s :  

P = CDSq ( x K )  = 3#960  Lbs,  ( 9  1 

Applying t h e  P%ctors  o f  R e f e ~ e n c e  9 ,  Page 370 would 

y i e l d  t h e  f o l l o w i n g  s u s p e n s i o n  l i n e  s t r e n g t h  f o x  a 1 0  gore i n -  

t e r n a l  canopy,  

= 915 Lbs, 

Deduct ing  sewing l o s s e s  accoun ted  f o r  i n  t h e  above 

f a c t o r s  t h e  s u s p e n s i o n  sys tem s h o u l d  be c a p a b l e  o f  w i t h s t a n d i n g  

an a p p l i e d  l o a d  of' 7,320 pounds,  

It  w i l l  be  n o t e d  f ~ o m  F i g u r e  45, t e s t  20, t h a t  a d e q u a t e  

s a f e t y  f a c t o r s  do n o t  e x i s t  i n  t h e  s u s p e n s i o n  sys tem o f  t h e  i n -  

t e r n a l  c h u t e ,  I n  a d d i t i o n ,  damage r e s u l t i n g  t o  t h e  i n t e r n a l  

p a r a c h u t e  o f  T e s t  1 9  i n d i c a t e  t h a t  canopy f a b r i c  s t r e n g t h  (MIL- 

C-7020, Ty, 11) -was a l s o  i n a d e q u a t e ,  

P i l o t  P a r a c h u t e  Loading 

Test i n f o r m a t i o n  i s  u n a v a i l a b l e  i n  t h i s  i n s t a n c e  t o  

c a l c u l a t e  o r  r e l a t e  a c t u a l  f o r c e s  t o  l o a d i n g ,  However, a s imple  

d rag  c a l c u l a t i o n  f o r  a 6  f o o t  d i a m e t e r  R i b l e s s  Guide S u r f a c e  p i l o t  

p a r a c h u t e ,  assuming a shock f a c t o r  of  % , 4 ,  yields a l o a d  of 2,500 

*l.-z 8 pounds,  Applying p r o p e r  f a c t o r s  a s  b e f o r e ,  b u t  n o t  j .ncluding t h e  

e f f e c t  o f  sewing I n d i c a t e s  t h a t  t h e  p%Lot p a r a c h u t e  and connec t ions  

- 108 - 



t o  t h e  canspy s h o u l d  p roduce  a m i n i m u m  t e s t  s t r e n g t h  o f  4,656 

pounds ,  Examinat ion  of  F i g u r e  45 shews t h i s  v a l u e  i s  exceeded 

i n  t e s t s  1 8  and 19, 

u Weight and Volume o f  t h e  Pam-Sa i l  

The a c t u a l  weight  and volume o f  t h e  P a r a - S a i l  80A-9 

ape  p r e s e n t e d  i n  Table  X I I ,  Volumes i n d i c a t e d  a re  under  hand 

paeked p p e s s u r e  and i n  a c o n t a i n e r  sf r e c t a n g u l a r  c r o s s  s e c t i o n ,  
3 

T h i s  r e s u l t s  I n  a packed d e n s i t y  of  2 4 , 8  L b , / F t ,  , which 

i s  c o m p a r a t i v e l y  hPgh when compared t o  s t a n d a r d  p a r a c h u t e s  under  

s i m i l a r  c o n d i t i o n s ,  I n  t e s t s  performed by t h e  C o n t r a c t i n g  Agency, 

i t  became n e c e s s a r y  t o  package t h e  u n i t  i n  a compartment w i t h  a 
3 volume o f  4.64 w i t h  a r e s u l t i n g  d e n s i t y  of  35 .1  Lbs. /Ft .  

w i t h o u t  t h e  use  o f  s i g n i f i c a n t  p r e s s u r e  p a c k i n g  t e c h n i q u e s .  T h i s  

f a c t  i s  somewhat s u r p r i s i n g  s i n c e  t h i s  d e n s i t y  i s  n o r n a l l y  a c q u i r e d  

by medium p r e s s u r e  pack ing .  (See  Refe rence  9, Pages 372 - 374) .  

A s i g n i f i c a n t  r e d u c t i o n  in canopy weight  accompanied 

t h e  ehange from b u t t  t o  l o c k  seam c s n s t s u c t i o n ,  Assembly weight  

was reduced f ~ o m  176 t o  a63 pounds,  The weight  s a v i n g  was a c h i e v e d  

t h r u  t h e  u s e  of' L i g h t e r  r a d i a l  seam t a p e s  w i t h  t h e  l o c k  seam 

f a b r i c a t i o n ,  

T a b l e  XI11 p r e s e n t s  a comparison between t h e  s p e c i f i c  

d rag  a r e a s  o f  t h e  P a r a - S a i l  and examples of  e f f i c i e n t  c o n v e n t i o n a l  

p a r a c h u t e s ,  The d r a g  a r e a s  u t i l i z e d  a r e  t h o s e  normal  t o  t h e  v e r -  

t i c a l  a x i s  o f  t h e  p a r a c h u t e  ( e f f e c t i v e  d r a g  a r e a )  and a r e  computed 

f o r  a  v e r t i c a l  v e l o c i t y  o f  2 5  FPS, It may be s e e n  t h a t  t h e  Para- 

S a i l  compares f a v o r a b l y  with t h e s e  o t h e r  t y p e s ,  i n  s p i t e  o f  t h e  

f a s t  t h a t  o n l y  l i m i t e d  e f f o r t s  were made during development t o  

o p t i m i z e  weight  



A diagram for d e t e r m i n i n g  weight  and volume Ear various 

s i z e d  P a r a - S a i l s  i s  p r e s e n t e d  i n  F i g u r e  48, T h i s  i n f o r m a t i o n  

s h o u l d  o n l y  s e r v e  as a gene ra l  gu ide  s i n c e  f u t u r e  e f f o r t s  i n  

improving design w i l l  undoubtedly  a f f e c t  t h e s e  v a l u e s ,  

2-222 Planform and P r o f i l e  

U t i l i z i n g  e n l a r g e m e n t s  frdm l6mm drop  t e s t  mot ion  

p i c t u r e  f i l m *  a n  a n a l y s i s  was made o f  canopy pXalafarms p r o f i l e ,  

'and aerodynarnac c e n t e r  of  p r e s s u r e ,  . 

Canopy Planform 

T h i s  ' s tudy  was made p o s s i b l e  t h r u  t h e  use o f  mot ion  

p i c t u ~ e  f i l m  t a k e n  Prom aboard  t h e  t e s t  v e h i c l e  d u r i n g  s t e a d y  

s t a t e  d e s c e n t ,  I n  p a r t i c u l a r  t h i s  s t u d y  was d i r e c t e d  towasd 

d e t e r m i n i n g  t h e  e f f e c t  of' canopy l o a d i n g ,  A s  may be n o t e d  f n  

F i g u r e  49, canopy p lanform i s  e l l i p t i c a l  in shape ,  t h e  degaee  

of e l l i p t i c i t y  a p p e a r i n g  t o  i n c r e a s e  s l i g h t l y  w i t h  i n c r e a s e  in 

canopy l o a d i n g ,  T h i s  t endency  is s u b s t a n t i a t e d  i n  F i g u r e  50  

which shows t h a t  p lanform i s  n o t  a t r u e - e l l i p s e ,  b u t  ra ther  a 

combina t ion  o f  two e l l i p s e s  w i t h  equal semi-major a x i s ,  b u t  un- 

e q u a l  semi-minor a x i s ,  Apparent ly  t h e  e l l i p t i c a l  p lanform i s  

i n f l u e n c e d  by t h e  p r e s e n c e  o f  t h e  s t a b l b l z e r  p a n e l s ,  The v a r i a -  

t i o n  i n  minor a x i s  and i n c r e a s e d  e l l i p t i c i t y  a r e  p r o b a b l e  t h e  

r e s u l t  o f  i n c r e a s e d  fo rward  mot ion  p r e s s u r e  a t  h i g h e r  canopy 

l o a d i n g ,  t e n d i n g  t o  f o r c e  t h e  l e a d i n g  s u r f a c e  o f  t h e  canopy 

toward  t h e  r e a r ,  

From t h e  aerodynamic view p o i n t ,  t h i s  phanfoam i s  

d e s i r a b l e  because  of  t h e  i n c r e a s e d  a spec t  r a t i o  which p roduces  



g r e a t e r  l i f t  i n  a l r E o i L s ,  O f  t h e  test c o n f f g u r a t % o n  w1thou.t 

s t a b i % l z e r s ,  no  e f f e c t  on p l a n f o r m  i s  no t ed  b y  t h e  Lack of' t h e i s  

p r e s e n c e ,  a l t h o u g h  i t  was I n d i c a t e d  i n  Section 4,l t h a t  t h e  

aerodynamic c o e f f i c i e n t s  were deeseased, 'The  pkanform sf t h e  

c o n f i g u r a t i o n  with c e n t e r l i n e  does  n o t  show a,n i n f l u e n e e  on v a r l a -  

t i o n  i n  semi-minor a x e s  b y  i n c r e a s e d  canopy l o a d i n g  and dynamic 

pT"eSSUPf3 r 

Canopy P r o f i l e  and G ~ s e  C u r v a t u r e  

U t i l i z i n g  d rop  t e s t  mot ion  p i c t u r e  f1Jm from c h a s e  

a i r c r a f t ,  an  a n a l y s i s  was made o f  t h e  i n f l a t e d  shape o f  t h e  

f i n a l  c o n f i g u r a t i o n  during s t e a d y  s t a t e  d e s c e n t ,  T h i s  p r o f i l e  

i n  f r o n t  and s i d e  views i s  shown I n  F i g u r e  51,  The d . i s t o r t i o n  

from t h e  c ~ n v e n t i o n a l  c i r c u l a r  pa rachu te  shape  w i l l  be n o t e d ,  

With t h e  informatf .on o f  t h e  above f i g u r e ,  and d i m e n s i o n a l  d e t a i l s  

o f  t h e  a c t u a l  g o r e s ,  i t  was p o s s i b l e  t o  compute t h e  c u r v a t u r e  

o f  t h e  c l o t h  between s u s p e n s i o n  l i n e s  f o r  t h e  l e n g t h  o f  t h e  

g o r e ,  T h i s  i s  p r e s e n t e d  i n  Figure '  5 2  as t h e  r8.ti.o o f  g o r e  curva-  

t u r e  ( a r c )  t o  t h e  c o r d  between s u s p e n s i o n  l i n e s ,  It shou ld  be 

borne  i n  mind t h a t  a r a t i o  of l Q 5 7  i s  e q u i v a l e n t  t o  a s e m i - c i r c l e  

OP a n  i n c l u d e d  a n g l e  o f  180 d e g r e e s ,  

C e n t e r  o f  P r e s s u r e  

U t i l i z i n g  average  v a l u e s  from s t e a d y  s t a t e  i n d l v i -  

d u a l  r i s e r  f o r c e s  and d rop  t e s t  mot ion  p i c t u r e  e n l a r g e m e n t s ,  it 

was p o s s i b l e  t o  compute t h e  aerodynamic c e n t e r l i n e  of t h e  p a r a -  

c h u t e ,  a s  had been accompl ished w i t h  wind t u n n e l  models ,  see 

Volume I ,  The r e s u l t  o f  t h i s  c a J e u E a t l o n  i n d i c a t e d  an  aera- 

dynamic c e n t e r l i n e  2,b0 a f t  o f  t h e  pasachute c e n t e s l i n e  a s  shown 



i n  Figure 53,  T h i s  i s  i n  good a g ~ e e r i ~ e n t  w i t h  t h e  models  f o r  

which t h i s  v a l u e  was de te rmined  t o  be frann P t o  2 degrees  de- 

pending upon c o n f i g u r a t i o n ,  

Opening Shock F a c t o ~  

With t h e  a v a i l a b l e  d a t a ,  a n  a t t e m p t  h a s  been made t o  

d e r i v e  an  e m p i r i c a l  r e l a t i o n s h i p  between opening shock f a c t o r  and 

t h e  v a s i a b l e s  of we igh t ,  speed ,  d i a m e t e r ,  d e n s i t y  and f i l l i n g  

t i m e ,  T h i s  was done i n  t h e  manner p r e s e n t e d  i n  Reference  1 2 ,  

Page 4-2-4, by r e l a t i n g  a d e c r e a s i n g  shocle f a c t o q  xK, t o  a n  A 

f a c t a s  which i s  comprised of t h e  above v a r i a b l e s ,  T h i s  was pe r -  

formed f o r  b o t h  t h e  d a s r e e f e d  and r e e f e d  c a s e s  as shown i n  F i g u r e s  

54 and 55 r e s p e c t i v e l y ,  

I n  an i n i t i a l  a t t e m p t  a t  d e r ' i v i n g  a s i g n j . f i c a n t  r e -  

l a t i o n s h i p ,  a p p l i c a b l e  d rop  t e s t s  were s e l e c t e d  and t h e  v a r i a b l e s  

a p p e a r i n g  i n  e q u a t i o n s  11 t h r u  1 4  below were t a b u l a t e d  f o r  b o t h  

r e e f e d  and d i s r e e f e d  c a s e s ,  

2W 
A = ( d i s r e e f e d )  

2W 
A = ( r e e f e d )  

A c t u a l  v a l u e s  from t e s t  r e c o r d s  f o r  each  t e s t  a p p e a r  

i n  T a b l e  XIIS f o r  r e f e ~ e n c e ,  From t h e s e  v a r i a b l e s ,  v a l u e s  

f o r  xK and A f a c t o r s  were c a l c u l a t e d  and p l o t t e d ,  However, 



because  of nsrn la l  scatter in t h e  d a t a ,  arzd v a r f a t i o n s  i n  

i n t e r p r e t a t t o n ,  t h e s e  g r a p h i c s  did not  disclose any t y p e  of 

p a t t e r n  o r  c u r v e ,  

Consequen t ly ,  it  was n e c e s s a r y  t o  e s t a b l i s h  

ltsrnoothedn v a l u e s  f o r  c e r t a i n  of  t h e s e  v a r i a b l e s  and t o  

r e c a l c u l a t e  xK and A f a c t o r s  w i t h  t h 6 o r e t i c a . l  s a they  t h a n  

a c t u a l  d a t a ,  The s o  c a l l e d  "smoothed" v a l u e s  were o b t a i n e d  

Prom S e c t i o n  4 , 2  whesein t h e s e  v a r i a b l e s  w e r e , p l s t t e d  

v e r s u s  t h e  i n f l u e n c i n g  p a r a m e t e r s  o f  w e i g h t ,  v e l o c i t y  , 
diarnetes  find d e r k i t y c  The v a s i a b 1 . e ~  and  s o u r c e s  a r e  f n d i -  

Reefed Drag Area, (CDSa8 - F i g u r e  34 

F u l l  Open Drag Area, (CDS) - F i g u r e  23 
o  

Reefed F i l l i n g  Time t - F i g u r e  35 
f l  

Disreefed F i l l i n g  Time t f 2  - F i g u r e  36 

Reefed Opening Force ,  F  - Figure 37 
R 

D i s r e e f e d  Opening Force ,  Fo - F i g u r e  38 

It was t h e r e f o r e  p o s s i b l e  t o  e s t a b l i s h  t h e  meaning- 

f u l  r e l a t i o n s h i p s  f o r  d i s r e e f e d  'and r e e f e d  opening shock 

f a c t o r s  as shown i n  F i g u r e s  54 and 55. 

The a p p a r e n t  i n f l u e n c e  o f  canbpy l o a d i n g  on shock 

f a c t o r  w i l l  b e  n o t e d  i n  F i g u r e  55, which was s0mewha.t unexpected  

as was t h e  dependence o f  d r ag  area on canopy l o a d i n g  d i s c u s s e d  

i n  Section 4,2,3, This e f f e c t  1s a l s o  n o t e d  in F i g u r e  56, which 



would r e q u i r e  a . family  sf cusves sf various canspy  l o a d i n g s  to 

e s t a b l i s h  drag area  r a t i o s  from known r e e f i n g  %ins l e n g t h s ,  

It must b e  unders tood  that i n  t h E s  f i p s t  a t t empt ,  

s u f f i c i e n t  da ta  d i d  n o t  e x i s t  t o  p rov ide  a- ruidc  i n g o  of' 

coverage and t h a t  some i n t u i t i o n  was r e q u i r e d  in establishing 

t h e  cu rves ,  

As additional data  becomes available t hese  r e l a t i o n -  

s h i p s  may b e  rnod l f i ed  and expanded t o  p r o v l d e  rnope,accurate  

v a l u e s  c o v e r i n g  a b r o a d e r  scope ,  



Table  VIIS 

.AREA A1913 POROSITY DISTRXBIJTEON 

IN PARA-SAIL 80M-9 

"Apeas - Pt, 2 

%Turn S l o t s  

~ ~ P o r o s i t % e s  - P e r c e n t  

- 6 1  Turn S l o t s  

* R a d i a l  S l o t s  - 6 2 , 5  R a d i a l  S l o t s  - 1 . 3 2  

% C i r c u m f e r e n t i a l  S l o t s  - 2 4 2  C i r c u m f e r e n t i a l  S l o t s  - 5 .12  

Vent - 2 5 , 2  Vent .  - * 54 

Canopy Area. ( W / O .  
S t a b i l i z e r s )  - 4e'72909 T o t a l  Geometric - 8 .26  , 

S t a b i l i z e r  Area 

T o t a l  Canopy Area Tot a 1  

8 S l o t  area d e t e r m i n e d  as bounded b y  a r c  and chord ,  

**  Based on canopy a r e a  w/o s t a b i l i z e r s ,  
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Table  X I 1  

PARA-SAIL LJEIGHT AND. VOLUME 

Weight ( L b s , )  
3 2 

Volume (In, ) @ 1 %b,/In, 

Canopy, Lines,  
and l O  F t ,  I n -  
t e r n a l  4, S, 
Chute  148 ,s  

P i l o t  Chute  
Canopy 

B r i d l e  
. a r m a  G F t *  - - - 20 F t .  

Main Camopy 
Deployment Bag 

P i l o t C h u t e  
Deployment Bag 

T o t a l  



COMPARISON OF SPECIFIC DRAG AREAS 

FOR LARGE PARliCIIUTES 

Drag Area 
S F t ,  

P a r a c h u t e  
C~ e f f ,  

A p p l i c a t i o n  @ 2 5  PpS 

7 9 $ 4  F t .  P i a ,  
Para-Sai l .  
(Conf ig ,  80A-9) Spa.ce Craft  7 ,050 

100 F t ,  Dia, a 
108  Gore 
T r i con icaS  Missile 6 ,440  

100  Pt, D i a ,  
88 Gare 
Tr fcsnfcaL Ryan 147 
( L i g h t  Weigh%) . S e r i e s  Drone 6 ,440  

2 
6 3 , 1  F t e  Dia, Mercury 
Ring S a i l  C a p s u l e  2 ,410  

S e e  R e f e r e n c e  1 0  

'' S e e  Reference 11 

Weight o f  
P a ~ a c h u t e  

Lbs ,  

S p e c i f i c  Brag 
Area CD effS/W 
Pt . 2 / ~ b .  





F i g u r e  - 40 - 
Baalc Canopy Shape f o r  a Large Para-Sail 



TYPICAL GORE PAfTERi4 FOR 79 .  'I FT Uo PARA-%lL , IDENT.I4(1 8 0 ~ - 9  
' 72 WRES 

FRAME 1 FRAf4E 2 
incl. ful\ness ns bzdllness 

INCHES 
A=- 3 4 * 0 0  34 ,00  



f X' &I Qa GUIDE SURFACE PARACHUTE 

FEET INCHES 

Pj-guse - 4 2  - 
GENERAL. EOMETRY 79.4 FT WRA-Slt (&-5iat& mdilicln) 

lDEklsr, KC). 8BA-9 72 GORES 
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3 w Nylon Tope 
1 I I G - T - ~ O ~ B  

Ty. 51% 

W .Nylon Tape ' fv5I~-T-5038 
Ty, IIL 

1 ' W  M y l ~ n  Web 
FIIL-W-4088 
Ty,  1%: 

3. W Mgbsn Tape 
MKHP-T-~E~Q 
Tg. 1% 

3 M f4gJaon sitipe 
F i4Ik-T-5O3D 

Ty,  I E T  

P W Nylon Tape 
14IL-T-6%34, T y ,  E 

% U Nylon Tags 
f41&-~-6%34, 

4 Ty, XI 
I'I 

- I -  

FIQUIjZ - & &  - 
CROSS SECTIOZ,:k,L VZE4d"S OF 

SEAM CONSTRUCTIONS STUDIED 



# & - - " - - ~ - - - - ~ ~ ~  
r Z 

-----*--- ---- - - - - ~ * - . -  
--*--._____ 1 r 

% =  

~ $ 0 ,  See Appendix @ fox- Te8L R o p o ~ t s  + 

nnectsr-  %Ink Nises 
Avg, TeS, = g3566 Lba, 

! 
spene%a~g  I ~ l n e s  1-11 t 62-72 

t o  C s n n e s t a ~  L i n k s  
Avt, T,S, = 754 Lbc, 

3 ,  ' Susrbsnasisn LPnes 22-61 $0 
neetsr Links  

pens lew Lines 22-52 Attached 

Avg, T,S, = 489 E b s ,  

5, Stab2l.f z e r  Panel Atkckaoaent 
W i t l a  Skir t .  

kvg, T,S ,  = 53.0 &bse 

6, Skirt Band Joint 
Avg, T o % ,  = 1,246,7 L b a ,  

Suspensfon L i n e s  1-8 & 65-72 
Attached With S k i s t  

Aag, T,%, = 6%L,7 L b s ,  

.* 8 ,  Radial  Seam af Tusn Seoap 
3 

g e  Reefing Ring  Attachment 

Pigbarti- 
I 
L---- 

R e s u l t s  of ~ e i t ~ u r  
----.̂ I -YI -- -._L_LX_DÎ _II I------.----- --- ----- -QX--C&T.~Z 33.L - 



g a i n  SeamB Taffeta, Double P l y  
Warp - 6 4 , s  Lbs, /%n,  

. Pill - 55,3 Ebs,/In, 

Maln Seii11-i MIL-@-7350, Type 2 ,  
S%ngle  P l y  

Warp - 8 3  Lbs,/In, 
Fill - 71;s Lbs,/&n, - 

&fain Sean FfEE-C-7350, Type I, 
Double Ply 

Warp - 77 %bs,/En, 
Plll - 7 3  %bs,/In, 

Vent  E%ne Attachment 
Avg, T,S.  = 558 Lbso 

19, Stab,/PbSst Chute  Conf luence  
A V ~ .  T,S,  = 7 ~ 5 3  L ~ S ,  

20, Ente rnah  Pasachute Conf luence  
(Not Shown) 

Avg, T , S ,  - 6,013 Lba*  

e - 4 1 5 % -  
ue teve  S t a t i c  Tests 

t 
I 1 1  c52328-n~ts__ -. ------ - ---------..--------- ---- 

- 3.27 - 
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CANOPY NOMINAL D f A .  - Do, FT. 

F I G U R E  - 48 - 
CALCULATED WEIGHT E VOLUME FOR 
PARA-SAIL RECOVERY PARACHUTES 



THE EFFECT OF CANOPY LOADING 
ON MAdQW E M I N O R  A X E S  OF 

PARA-SAIL PLANFORM 

1.0 

as 

Y - 
Z 

0.8 

0.7 

W WNfbP'e" LOADING ---- 
so 

F I G U R E  -. 5 0  - 
THE EFFECT O F  CANOPY LOADING 

OH SEMI-MINOW AXES OF 
PARA-SAIL PLANFBRM 
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AtC,&, @ A a ~ o d p n e ~ ~ d c  
@ s t r % s ~ l l n e  

P,C,L, = Parechu%e 
Sfda V 3 - e ~  &Ben%ex*%in@ 
of Cmopp 

Tsg V i e w  of Ria 
A ~ r a n g ~ ~ s n t  &nd 
Canopy Pseif l a  

AKP&E FWE 
RISER 5 632 bbs 

" 2 1025 " 
" 3 898 " 

TOTAL WEIGHT 4750 t bs 

V i e w  o f  Koriz-  
1 P r s j e e t i s n s  

f K$&sr Bsrcee 

@%oaLsd f ~ o m  
o f  ognogg u t ~ d e ~  aQeady 
s ta te  aonditfon, 



FACTOR 'XI= 2 Wtotal 

C,So.pSiff~;g v,, 
t3 Q 

FIGURE - 5 4  - 
DISREEFEB OPENING SMOCK FACTOR 

@ smoothed FACTOR 4ri" - 
values G&R. pL;$l ' 9 '  h o  

t-2 e 

FIGURE - 5 5  - HaR,Me 
2 5  NOV, 1964  

REEFED OPENING SHOCK FACTOR 





CONCIJUSIONS AND RECOMMENDATEOIJS - 
811 ev idence  i n d i c a t e s  t h e  s u . c c e s s f u l  a t t a i n m e n t  of 

program g o a l s  a s  shown by  t h e  f o l l o w i n g  c-ompar%sfons: 

R e q u i ~ e d  -- Demonstrated a- 

Payload Weight s 4e750 Pounds 4,750 Pounds 

Deployment Speed r 154 KEAS L ~ ~ S K E A S  

% I f t / D r a g  R a t i o  (et l , O  1 . 1 3  
& 

Canopy Turn Rate  '" 10 ~ e g ; / S e c ,  . L8,5 Deg,/Sec. 

Ra te  o f  Descent  e3. 30 PPS Maximum 24 PPS 

Deployment A l t i  t u d e  - 10,600 F e e t  10,600 F e e t  
- - 

The l i f ' t / d r a g  r a t i o  i n d i c a t e d  above,  whjich c o r r e s p o n d s  

t o  a n  a n g l e  o f  a t t a c k  o f  4 8 , s  d e g r e e s  was produced at a  

canopy l o a d i n g  o f  .96 l b s . / f t e 2 .  T e s t  d a t a  shows a s l i g h t  

i n c r e a s e  i n  t h e  a n g l e  o f  a t t a c k  w i t h  d e c r e a s e  l n  canopy l o a d i n g .  

On t h e  b a s i s  o f  v e r t i c a l  v e l o c i t y ,  a n  e f f e c t i v e  d r a g  

c o e f f i c i e n t  o f  l , 4 7  was e s t a b l i s h e d  a t  t h e  above eanspy l o a d i n g .  

Peak open lng  f o r c e s  were I n  t h e  o r d e r  o f  %5,000 

pounds,  Damage was e n c o u n t e r e d  under  t h e  c o n d i t i o n s  p roduc ing  

t h e s e  l o a d s  and t h e r e  i s  i n d f c a t i o n  o f  s t r u c t u r a l  weakness i n  

some components,  

The e f f i c i e n c y  o f  t h e  canopy r e g a r d i n g  d r a g  a r e a  p e r  

u n i t  we%$ht i s  -comparable t o  h i g h l y  efficient conven t ionaP  

c a n o p i e s  a l t h o u g h  t h i s  f a c t o r  c o u l d  nc doubt  b e  improved 

t h r o u g h  q d d i t i o n a l  m a t e r i a l s  and c o n s t r u c t i o n  s t u d i e s .  

The performance  o f  t h e  f u l l  s i z e  canopy c o r r e l a t e d  

well w i t h  wind t u n n e l  r e s u l t s  o f  models ,  (Volume I )  making 

t h e s e  l a t t e r  s t u d i e s  e x t r e m e l y  w o ~ t h w h i l e  i n  a development 

program of' t h i s  n a t u r e ,  

%Medium damage encoun tesed  a t  t h i s  speed .  

- 137 - 



It i s  f e l t  t h a t  additional aerodynamic s t u d i e s ,  b o t h  

f r e e  d rop  and  wind t u n n e l ,  s h o u l d  h e  perrorrned t o  i n v e s t i g a t e  

t h e  f o l l o w i n g  a r c a s :  

1, I n t e r n a l  pa rachu te  s i z e  and p l a c e m e n t ,  

2, Optimum d e g r e e  o f  g e o m e t r i c  p o ~ o s i t y  

and d i s t r i b u t i o n ,  

3. E f f e c t  o f  t h e  s t a b i l i z e n - * s ,  

4, Optimum l i n e  l e n g t h ,  

5. Improved S i f t l d r a g  r a t i o ,  

6 ,  Reef ing  Line  f o r c e s ,  

A c o v p l e t e  s t u d y  s h o u l d  b e  made o f  t h e  a v a i l a b l e  low 

p o r o s i t y  m a t e r i a l s  abd i f  n e c e s s a r y  development  work i n i t i a t e d  

wPth a c l o t h  p r o d u c e s  o r  f i n i s h e r  f o r  a s u i t a b l e  f a b r i c .  T h l s  

f a b ~ i c  s h o u l d  have  h i g h  t e n s i l e  and t e a r  s t r e n g t h  combined.w%-th 

good f a b r i c a t i o n  e f f i c i e n c y  and low w e i g h t ,  More t h a n  one weight  

of c l o t h  may be  a d v i s a b l e ,  C o n s t ~ u c t i o n  methods s h o u l d  be 

reviewed and s t r e n g t h  o p t i m i z e d ,  

A d d i t i o n a l  a n a l y t i c a l  work on canopy s t r e s s e s  would 

be b e n i f f c i a l  I n  f u t u r e  d e s i g n  e f f o r t s  combined w i t h  a  s t u d y  o f  

canopy planform and g o r e  p r o f i l e ,  Gore shape  s h o u l d  be  reviewed 

w i t h  r e s p e c t  t o  y e d u c t i o n  o f  c l o t h  s t r e s s e s .  

Deployment t e c h n i q u e s  s h o u l d  b e  s t g d i e d  t o  i n s u r e  

maximum r e l i a b i l i t y  and minimum damage, 

I t  s h o u l d  be  concluded from t h i s  r e p o r t  t h a t  vesy 

s i g n i f i c a n t  advances  i n  t h e  s t a t e  o f  development o f  t h e  Para-  

S a i l  pa r achu t e  t o o k  p l a c e  under  t h i s  psogram, R p a r a c h u t e  e ~ o % v e d  

wklch h a s  shown very  h i g h  performance ,  making i t  most  deslr- 

a b l e  f o r  a p p l i c a t i o n  i n  t h e  r e c o v e r y  o f  rEm~ed  space c r a f t ,  

- 138 - 
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9 , B e r t v a t i o n  o f  E f f e c t i v e  D m g  Area 

F o r  many ;~.,pplica"r;isns it i s  'necessary 'I;Q determS.nc the 

v e r t i c a l  descent  r a t e  of  a pa rachu te ,  i r ic%udir~g g l i d i n g  parachutes 

s u c h  as t h e  Pam-Sa i l ,  Hence i t  is d e s i r a b l e  t o  e s t a b l b s h  t h r o u g h  

t e s t i n g ,  t h e  e f f e c t i v e  d r a g  area ,  C S which i s  normal  t o  t h e  
Deff 

vertical axds of t h e  Para-Sai l ,  Actua%%y, drag area is p o s s i b l y  

p o o r  t e r m f n o l e g y ,  g i n c e  %he r e t a rd ing  fo rce  p roduced  on t h i s  
b 

s u r f a c e  i s  t h e  r e s u l t  o f  b o t h  L L f t  and d r a g  f o r c e s ,  The f r e e  

body d iagram p f  Figure  P shaws t h e  v a r i o u s  f o r ces ,  a c t i n g  t h r o u g h  

t h e  c e n t e r  of g r a v i t y  o f  t h e  s y s t e m ,  



Since  t h e  drag area  normal t o  t h e  v e r t i c a l  axis i s  dew 

s i red ,  o n l y  v e r t i c a l  components BE ~ O F C E S  and v e l o e i t l e s  need be 

cons ide red ,  

Assume Fc t o  be  n e g l i g i b l e ,  a l n c c  the  ea r th  r a d i u s  i s  

Large and t h e  v e l o c i t i e s  arc  small., 
n 
L 

Let  I3 = D Cos 4 + & S i n  + = C SP Vv (3.1 
Deff  

Summing f ~ r e e s  i n  t h e  v e r t i c a l  d i r e c t i o n  we o b t a i n :  

o r :  

S o l v i n g  e q u a t i o n  3 f o r  C S:  
Deff 

i s  i n  t h e  p o s i t i v e  direction, 
d t  

dV,, v 
The s i g n  w i l l  become p o s i t i v e  f o r  i n  t h e  n e g a t i v e  

d i r e c t i o n ,  

I n  t h e  t e r m i n o l o g y  o f  t h e  T e s t  Agency, VV = r a t e  of 
dh 

c l imb  = xs 
Hence, C S = 

( 5  



Average E f f e c t i v e  Bpag Area (Baeed on D e n s i t y ]  

AasumptPsns: Dens i ty  2s a continusus l B n e a ~  f u n c t i o n  OF a l t i t u d e  

over  t h e  i n t e r v a l  examined, 

It is known t h a t  t h e  i n s t a n t a n e o u s  equilibrium v e % ~ e $ t y ,  

where K 

~f t h e  apes under  t h e  ' C U B S ' V ~  from a t o  b  can be c a l c u l a t e d ,  it 

would be p o s s i b l e  t o  determine 7 t h e  average v e l o c i t y ,  by 
€2 @ 

d i v i d i n g  t h i s  area by  t h e  i n t e r v a l  l e n g t h ,  

Y t  can be seen f ~ a m  F h g u ~ e  2 t h a t  t h e  incrementa l  area, 



It i s  a lso known t h a t  

Equa t ing  ( 1 0 )  and (11) , ' d rag  area may be so lved  f o r  as 

f ol$aws : 

Lgm%ta t i sns :  Because d e n s i t y  does no% t P u l y  vary l d n s a r l y  w t t h  

a l t i t u d e ,  e e r t a l n  inaccurac ies  m$y be 2ntrsduced P F  t h e  interval 
i 

chosen is tos g ~ e a t ,  E x p e ~ f m e n t a l  evidence In d r o p  t e a t 8  sf f ~ o m  . 
i 

40,000 fee t  t o  see, l e v e l  has shown good agpe;ment w i t h  ca lcu la ted  i 
I 
6 

va lues  for Q. in equation (10), For  greater  a l t i t u d e s  more 
e 1 i 
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APPENDIX C 

S t a t i c  Test R e s u l t s  
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TITLE : S u s p e n s i o n  L i n e  Attachment  t o  Connector  L i n k  '750 lb, 

PURPOSE: Three  s u s p e n s i o n  L ines  were t e s t e d  t o  d e s t r u s t i o n  t o  d e t e r -  
mine t h e  u l t i m a t e  l o a d  t h a t  t h e  Lfines c o u l d  w i t h s t a n d  b e f o r e  f a i l u r e  
o c c u r r e d ,  The t e s t s  were conducted  u s i n g  750 % b e  ny lon  co rd ,  

The t e s t s  were conduc ted  u s i n g  a  S c o t t  Cord T e s t i n g  Icachine 
jaw s e p a r a t i o n  s p e e d  o f  1 3  l / 2  i n c h e s  p e r  minu te ,  The eon- 
.on o f  t h e  samples  and t h e  method o f  t e s t  a r e  shown below. 

RESULTS: T e s t  B r e a k i n g  S t r e n g t h  
No, 
P 

Lbs ,  - 

H a l f  K f  t c h  

Clove H i t c h  

750 1b. Nylon Cord (MIL-C-5040) Type I V  

FIGURE - 2 - 

J , S ,  Mansl. 
10 November 2964 



- = - - - - - - - - -  

S u s p e n s i o n  L i n e  At tachment  C o n n e c t ~ ~ *  L i n k  ?SO L b ,  

PURPOSE: T h r e e  s u s p e n s i o n  XOizes were 'tested t o  destruction t o  d e t e r -  
mine t h e  u l t i m a t e  l o a d  t h a t  t h e  14nes  eoubd w i t h s t a n d  b e f o r e  f a i l u r e  
occurred, T h e  t e s t s  w e r e  c o n d u c t e d  using 550 l b ,  ny lon  c o r d ,  

fPETHOD: The t e s t s  weye condv.cted u s i n g  a S c o t t  Cord Testing Machine 
w i t h  a Jaw s e p a r a t i o n  s p e e d  o f  1 3  1 / 2  i n c h e s  p e s  minute, The con- 
s t r u c t k o r ~  o f  t h e  samples and  t h e  method used  a r e  shown b e l o w .  . 

RESULTS: T e s t  
No e - 

B r e a k i n g  S t r e n g t h  
Lb s ., - 

D i r e c t i o n  o f  Load 

L5 f j 0  Ib. Nylon Cord (MIL-C-5040) Type III 

J , S ,  M a r z ~ k  
- 3 -  $0 November l g G 4  



PURPOSE: Three  t e ~ t  spec imens  welw t e s t ed  t o  d e ~ t ~ u e f z f o n  $0 detes- 
mine t h e  u%%5ma$e Load t h a t  may be agpXded ts t h e  suspenadon l i n e  
attachweitst b e f o r e  faPLuse occusrcd, end a% whet. poS_rrt t h e  fallurs 
&ask place, 

mTHOD: 811 t e s t s  were conducted u s i n g  a S c o t t  Cord Testing MachLna i 
1 with  a jaw separation speed (sf 13 X/2 inches par mlntete, The con- 

structfon of t h e  sample may b e  Been below, 

RESULTS: Specimen Break ing  S t r e n g t h  
No, - 
k 500 Line fa%%ed above Jaw 
2 468 Main seam f a i l e d  above 

line attachment 
3 Main seam f a i l e d  above 

l i n e  attachment 

CONTROL SAMPLES: Nylon Cord, MIE-c-~o~O, T y ,  1x1, 550 1$%, % , s ,  
Average B r e a k i n g  S t r e n g t h  = 568 I b a ,  



p!? PIONEER PARACHUTE GO.. INC. * &;g MANGHLSYEW, CQHN. 
T e s t  No, 5 

TITLE : S t a b i l i z e r  P a n e l  At tachment  w i t h  S k i r t  

PURPOSE: Th ree  t e s t  spec imens  were t e s t e d  t o  d e s t r u c t i o n  t o  
d e t e r m i n e  t h e  u l t i m a t e  l o a d  that t h e  p a n e l  c o u l d  w i t h s t a n d  b e f o r e  
f a i l u r e  o c c u r r e d ,  and a t  what p o i n t  t h e  f a i l u r e  t o o k  p l a c e ,  

METHOD: The t e s t s  were  c o n d u c t e d  u s i n g  a S c o t t  Cord T e s t i n g  
Machine w i t h  a jaw s e p a r a t i o n  s p e e d  o f  13 l / 2  i n c h e s  p e r  m i n u t e ,  
The C o n s t r u c t i o n  of t h e  s ample  may b e  s e e n  below.  

RESULTS : T e s t  
No* 
P 

~ r e a k i n g  S t r e n g t h  
L b s ,  

9,s-  Mansi 
11 November &964 



PURI'OSE: T h r e e  skirt. band j o i n t s  were' t e s t e d  t o  d e s t r u c t i o n  t o  
detceririlrae t h e  u l t imate :  i o a d  t h e  J o i i i t  could. v ~ i t h s t a n d  before f a i l u r e  
~ccur 'z*ed.  

E D :  The t e s t s  were conducted  u s i n g  a T i n i u s  Oabsen Tens ion  
T e ~ L f l l g  Machine w i t h  a Jaw s e p a r a t i o n  speed  of  f o u r  ( 4 )  i n c h e s  p e r  
mi nut,e. 

RESUI,TS: Specimen Break ing  S t r e n g t h  
No, 

1260 
1200 
1 2 8 0  

Avg , 1 z 6 . 7  

Nylon Cord, 550  lb. 
MIL-C-5040, Ty, III 
Zig-zag u s i n g  FF-1 Nylon Thread,  S i  
Nylon Thread 

T a f f e t a ,  MIL-M- 

D i r e c t i o n  
of 

Load 

SECTION A-A 

1 W Nylon Tape  
MEL-T-5038, Ty. I V  

J , S ,  Marssi 
FIGURE - 6 - 10 November 1964 



U&wCIE.F;:4mR, CK"WF4. 

TITLE : 

PURPOSE: Three & s a t  ap6c8~1cna w@xms t o s t s d  t o  d e a t r u c t l a n  t o  deter-- 
mine %he u l t l m i t e  l aad  &ha t  may ba  a p p l i e d  t o  t h o  cuagensiow E5ne 
&tt%cha@n$ befop@ f@.$luk5e occurred,  and a$ what p o i n t  t h e  fa%lurs  
took p$.&oe, 

EaTWODr: 811 t e s t a  weye conductad u e i n g  a SCS%% @OF&$ T88t ing Mae?h%na 
wi th  a jaw a e p a r a t f o n  apeed of 13 112 iraehaa per minute ,  The con- 
a t r u c t f s n  of t h e  a m p l e  may be  seen $@%ow, 

640 Lines  fa%L@d a t  e%g- 
595 zag sewing belaw 

Pb-tab , 
Avg, 6 2 % , 1  

CONTROL SAMPLE: Myban c o ~ d ,  MIL-C-5040, Ty, IV, 958 bbs ,  t ,s, 
Ava~ege  b r eak ing  a t r e n g t h  = 740 Xbs, 

t h  NyXsn Thread 
S t d t e h  w l t h  MyRsn 
Thread, S%es @FW 
double throw zfg-zag 

t a  Mf%-M-$Q747B, 

Directiesn 
of 

Load 

& W Ny Ion T a p s  
MIL-T-5038, V 

y l ~ n  Cord, 1~1&-@-5Q40, 
Tg, EV, 750#  t e a 6  

W Nylon Tape I \+ Nylon 
b4aCL-T-50 38 Tape, MIL 
Ty,  111 

FIavm - 7 - J , S ,  Bdiansl 
10 November 9964 

- 7 -  



!ET'ElOD: The t e s t a  were csndueted tiairrg a Scot t ;  Cord T s a t d a g  
Machine w i t h  a jaw aepax*at;isn &speed of 1 3  %/2 inches8 pet* m i n u t e ,  
The construe$%on sf t h e  s m p l e  mag b e  a w n  Bebow, 

B ~ s a k i h g  S t r e n g t h  
Lb8. 

Load 

FIGURE - 8 - 
- 8 -  



&A 

PtOMEER BARACg-FhUIE GO., %P4C. 
MARCWESTLA. 60KN. 

-- T e a t  No, cie 

TITLE : Reefing Wing Attaci3ment 

PURPOSE: Three  ~eef iuag r i n g  attachment sample8 wep@ t e e t a d  $0  

dast~uctfsn t o  detesmfne the u l t i m a t e  t h a t  &key m@y w i t h s t a n d  
before f a i l u r e  o c c u r ~ e d ,  

METHOD: The t e a t s  were candueted using a Timlfua O lnen  Tenahsn  
T e s t i n g  Mach%ne, w i t h  a ,jaw seperat3.sn speed sf f o u r  ( 4 )  Lnchea 
p e r  minute, The csnstructiun of t h e  samples may b e  seen bc%ow, 

RESULTS : Tes t  
No, 

B r e a k i n g  S t r e n g t h  
1,b a , 

Z%g-zag s t f t e h  Nylon T a f f e t a  
Bng 2 8 & s g  mac ! ~ I L - M - ~ o ? ~ ~ D ,  
ine N Y ~ Q I ' I  
PF-1 thda  

1 W Nylon Tape 
SECTION A-A 14EL-T-5038 

Ty, IV 
PY(,aerRE - 9 - 



PIONEER PAKF%CGUTK: CQ,, ~NG. 
MANCHLbVQR, CO%tS;-ir. 

T e s t  Ms, 10 

PURPOSE: T h m e  t e a t  sgecimans were &an$ed $0 de&true%%on ts 
detartabna t h e  ul%$ma&e %sad t h a t  mng b e  &ppRSed $0  t he  seam 
before ~ ~ $ I u F @  B C C U P ~ ~ & ~  

EBTWQB: The t e s t s  were conducted using a S c o t t  Cord T e s t i n g  
Machins w$$h a Jaw psspara@lsn s p e e d  sf $ 3  112 Inclaea p a r  m i n u t e ,  
The esnetructisn sf t h e  aamgle way b@ seen bebow, 

RESULTS: Test 
No, - 

DreaIcLng S t r e n g t h  

DS-sect i o n  
of 

Load 

J , S ,  Manzsi 
10 November 1964 



v F - z + -  

Longktud2-w&E 

PURPOSE: TRLE pepor% covepa t h e  Psng%tud$naP & & i n  a e m a  .for &ax-68 
P ..- 11 and 62 -- 7 2 ,  'L1'heae sansple~ were t s8ked  $0  d e ~ $ ~ u c t % o r ~  %a 
datermine t h e  uS%iwr%e  &sad t h e  seam c o u l d  w i t h s t e n d  be fo ro  f a f l u r e  

METHOD : The t e s t s  were conducted u a l n g  a S c o t t  C o ~ d  TestTng 
Machine w i t h  a jaw s s p c r a t d o n  speed  of 1 3  1/2 i n c h a s  pep minu te ,  
The csnstruction o f  t h e  a m p % &  muy b e  aeen below, 

RESULTS : T e ~ t  

Directffon 
sf 

Load 

-1Iybon SLze E t 

Make box w i t h  
/ s i z e  FF-1 t h d .  

Nylon Taffeta 
MIL=-N-I.O~~'TD, Tye 

$ W Nylon Tape 
MIL-T-5038, Ty.  V 

J e S ,  Mansi 
11 November 1964 



PIONEER PARACt4QT-E GQ., &%4C. 
MWNCWESTCW, COHH. 

Test 1 2 0 ,  12 
--r---- - s - * e P & - a - -  

TITLE : Main Seam T a f f e t a  - S i n g l e  Ply 

PURPOSE: Two t y p e s  of  ma in  s e a m s  w e r @ . t e s t e d  t o  d e s t r u c t i o n  t o  
d e t e r m i n e  t h e  u l t i m a t e  load t h a t  may b e  a p p l i e d  b e f o r e  failure o c c u r s ,  
The two t y p e s  o f  main seams a re  c o n s t r u c t e d  o f  single p l y ,  2,0 ounce  
t a f f e t a  m a t e r i a l  and  o f  3/4" wide, 4 Q O  I b . ,  t e n s i l e  s t r e n g t h ,  n y l o n  
t a p e ,  MIL-T-5038, Type 111, 

METHOD : The s a m p l e s  were  t e s t e d  on a  S c o t t  T e n s i l e  T e s t i n g  Machine 
w i t h  a Jaw s e p a r a t i o n  s p e e d  o f  1 2  i n c h e s  p e r  m i n u t e  and  a ,jaw S e p a r a t i o n  
d i s t a n c e  o f  one  i n c h ,  u s i n g  t h r e e  i n c h  jaws, The c o n s t r u c t i o n  of t h e  
s a m p l e s  may be s e e n  be low.  

RESULTS : 
T e s t  

No * 

D i r e c t i o n  B r e a k i n g  D i r e c t i o i z  B r e a k i n g  
o f  S t r e n g t h  o f  S t r e n g t h  

P u l l  - Lbs ./In, P u l l  - L b s .  

Warp 68 F i l l  55 
Warp 76 F i l l  57 
Warp 70 F i l l  6 0  

'Avg. 7 1 . 3  kvg,  57.3 

,--- P a n e l  C l o t h  2 . 0  oz.  T a f f e t a  

D i r e c t i o n  
of  

Load 

FIGURE - 1 2  - 
- 12 - 

J . S e  Mansi 
1 2  November 1 9 6 4  



FIGURE - 13 - 

J , S ,  Mansl 
12 November* 1964 



PURPOSE: Two t y p e s  of r n a i m  seems wese t e s t e d  t o  destruettsn t o  d e t e r -  
mine t h e  u l t i m a t e  l o a d  t h a t  may b e  a p p l f e d  before  failure o c c u r s ,  The 
two t y p e s  of ma$n seams are  c o n s t r u c t e d  o f  s i n g l e  p l y  %,25 ounce,  MIL- 
C-7358, Type 1 nylon mater ia l  and of 3/4" wide ,  400 I b . ,  tensile s t s e n g t l  
nylon tape, MIL-T-5038, Type 111, 

METHOD : The samples were  t e s t ed  on a S c o t t  T e n s i l e  T e s t i n g  Machine 
w i t h  rt Jaw s e p f t ~ a t f o n  o f  l 2  i n c h e s  p e r  m i n u t e  and a Jaw s e p a r a t i o n  
d i s t a n c e  sf one inch, u s i n g  t h r e e  i n c h  jaws, 

RESULTS : Direction Breaking B f  rection Brealcing 
Test of" S t r e n g t h  of S t r e n g t h  

No, 
P 

~ > ~ a a .  ~b s ./III. Pull L ~ S  , 

l. Warp 76 Fill 68 
2 W a ~ p  88 Fill 7 6  
3 ldarp Fill 'i'O - 

Avg. 83 Avg, 71.3 

P a n e l  C l o t h  2 . 2 5  0%. 
~1~-c-7350, ~ y p e  I 

3 W Nylon Tape 
MIL-T-5038, Ty. 111 

Nylon Thread., Sf ze E 

Direction 



b t 

PDONEER PARA6HUefE GO., OIdC. 
WAE*8CC9ES7"LQ4 COMW. 

- - -  - s . - e s ~ ~ ~ ~ *  
%a 

- 2  

Main Seam 2 , 2 5  a z ,  IqIL-C-7350, T y ,  1 - Double Ply 

PURBQSE: Two type8 main seams were t e s t e d  t o  d e s t r u c t i o n  t o  de t e r -  
mine t h e  u l t i m a t e  load  t h a t  may b e  a p p l i e d  b e f o r e  failure o c c u r s ,  The  
two t y p e s  (sf main seams a re  constructed of' ( 1 8 ~ b j . 8  p l y 2  2*25 O Z , ~  METr-C- 
73508  T y p e  I n y l o n  m a t e r i a l ,  3/4" w i d e ,  400 I b . ,  t e n s i l e  stsength n y l o n  
t a p e ,  MIL-T-5638, Type III. 

METHOD : The  s m p b e e  were t e s ted  ow a S c o t t  T e n s i l e  Testing Machine 
with a. Jaw s e p a r a t i o n  of 1 2  i n c h e s  p e r  m i n u t e  arad a Jaw s e p a r a t i o n  
distance of  one i n c h ,  u s i n g  t h r e e  i n c h  jaws. 

RESULTS : D i s e c t i o n  B r e a k i n g  D i r e c t i o n  Break ing  
T e ~ t  of S t r e n g t h  of S t r e n g t h  

L 

No * 
P 

. B L L ~ %  L b s ,  

a ,  Warp 72  FLII 76  
2 Warp 79 F i  l% 70 
3 Warp F i l l  

Avg* 77 Avga 73 

-Panel C l o t h  2 , 2 5  oe, 

S i z e  E 

D i r e c t  i o n  
o f  

Load 

J , S *  Mansi 
12 November 1364 



TITLE : Vent L ine  Wttaehmant 

PURPOSE: T h ~ e a  specimens weye t e s t ed  $0 A e s t ~ u e t i ~ n  t o  determine 
$he u1&$w&ts  b sad  t h a t  t h e  vent line at tachment  c o u l d  w%ths%and 
befoss f a % h u r e  ~ c c u ~ r e d ~  and &$ what point & h e  %a$%urs t ook  p%aee, 

m%%iiOB : The t e a t s  were esndueted ueing a, S c o t t  Cord Testing 
Machine w i t h  a jaw sepa ra t ion  speed o f  13 6 / 2  i nches  pep  minute ,  
The construction of t h e  sample may b e  seen below, 

RESULTS: T e s t  . Breaking S t r e n g t h  
Eba.  

D i r ~ e c t f  on 
sf 

Load 

Nylon Cord, MIL-C-5040 
T y e  IV, 75Q# t o s o  

ig-zag w i t h  Nylon S i z e  FP-: 
t h d ,  7 - I h  st/in, 

W Nylon Tape 
MIL-T-5038, Ty, III 

1 1 W Nylon Web 
?4IL-N-5625 
40801 & , a ,  FIGURE - 1 6  - 

SECTION B-B 
J , S ,  Mans$ 
II November 1964  



PURPOSE : Three v e n t  bend j o i n t s  were  t e s t e d  t o  desk r txc t ion  ta 
determine t h e  ultimate l o a d s  t h e  j o i n t  c o u l d  wS,%hstt%nd b e r o ~ e  
f a i l u r e  o c c u s ~ - e d ,  

NETHOD : The t e s t s  were  conducted  u s i n g  a T f n l u s  01sen Tens ion  
T e s t i n g  Machine w i t h  a Jaw s e p a r a t i o r ~  s p e e d  sf fou r  ( 4 )  f ~ a e h e s  
p e r  minute ,  

RESULTS : T e a t  
No. 

Break ing  S t r e n g t h  
Lbs , 

D i r e c t i o n  
of 

Load 

y l ~ n  C l o t h ,  2 , 2 5  oz, MIL-C-7350, Ty ,  1 

750# Nylon Cord, M I L - c - ~ O ~ ~ ,  T y ,  %V 

Zig-zag u s i n g  Nylon s i z e  "FF-1" Thread 

W Nylon Tape, MIL-T-5038, T y ,  11% 

Nylon Sf ze "Ei' t k d ,  

3- W N S ~ \ I S O ~  Web 1 S E C T I O N  A-A 

J.S, Mbnsi 
II November 1964 



T% PBQREER Pg%[2filG5-iUTE Ec;C2*, !i%c. @ MAF*3CWFZ@TEB, CON%. 

T e e t  ffs, $8 

B r d d l e / B s i d l e  Losg/Vent L ine  

PURPOSE: T h r e e  t e s t  specimen8 wepe t e s t e d  t o  d e s t . r u e t i a n  t o  determine 
t h e  u l t ima te  Load t h a t  may b e  appkked  b e f o r e  f a e l u s e  occurred and a t  
what p o i n t  the f a i l u r e  t o o k  p l a c e ,  

METHOD : T h e  t e s t s  wsx-e conducted using a T i n i u s  Q b ~ e n  Tens ion 
Testing Machine, T h e  jaw s e p a r a t i o n  speed was s e t  a t  f o u r  ( 4 )  i n c h e s  
p e r  minu te ,  The c o n s t r u c t d o n  sf t h e  sample may b e  seen below, 

RESULTS : 
T e s t  
No, 
P 

Break ing  
S t r e n g t h  

L b s *  . 
P S  

3 
Avg. Tes t s  ''7443 h b s ,  
Nos. 2 & 3 

Cow Hitch  

PI:G'UI-IE - 

Used 20 v e n t  l i n e s ,  
L ines  f a i l e d  
B r i d l e  f a f l e d  a t  
cow h i t c h  
B r i d l e  %ai led  a t  
eow h i t c h  . 

D i r e c t i o n  
of 

Load 

J , S ,  Mans% 
$8 November 1964 



Nylon 
6 cd,  
Thd , 

SECTION 8-8 \ 

Size 6 c o ~ d  thd ,  O,De 

1 1  W Nylon Web 
MIL-W-4688, Tye XV%%I 



d ,  
.?,A* 

@8,NEE& BWRIICFIUTE (SQ., IP4C. 
MAMCMLCTER, C 6 W M .  

---- 
TITLE : Sta$%%BzatLon f P f  &st Chute CunFluenco 

PURPOSE: Three t e s t  sps@%menn ware t e s t e d  %a destruction t o  detepmlne 
t h e  ult$matc load  t h a t  !my b e  a p p l i e d  befose  P a l l u r e  occurred and a t  
what p o i n t  t h e  failure t ook  p l a c e ,  

%.D;%%HQD : The t e a t s  were conducted u s i n g  a T l w i u s  Olsen  %ene%on 
T e s t i n g  14rtchine, The Jaw r jeparation speed waw wet a& foup  ( ( 4 )  'inchsa 
p e r  minute ,  The csnstsucti~n of t h e  sample may be  seen below, 

RESULTS : Breaking 
Tes t  Serength  

No * - Lbs , Remaeke 

7408 F a i l e d  riser loop 
7760 F a i l e d  siwer Eosy 
8100 Faf led  r i se r  l s s p  

SECTION A-A 

Suspenalsn Line  
L/2 W Myron Web 
ME L-FG- 5 6 2 5 
1000# %*t3, 

B i ~ ~ l e ~ t l o n  
of 

Load 

SECTION B-B 



SECTION &-A 

B s f  d1e 
% W Nylon Web 
MIL-W-4Q88 
Ty, X V I % %  

Sheeve 
Cot ton C l o t h  
r n ~ b c - 5 6 4 5  
Ty,  I1 



MANCWiiLS*'B"EA, COMN. 
Test No. 20 

PURPOSE: Three specimens  were  t e s t e d  t o  d e s t r u c t i o n  t o  de te rmine  
t h e  u l t i m a t e  l o a d  t h a t  t h e  c o n f l u e n c e  a n d  c e n t e r  l l n c  a t t a c h m e n t  
c o u l d  w i t h s t a n d  b e f o r e  f a i l u r e  o c c u r r e d ,  and a t  wlrat p o i n t  t h e  
f a f l u r e  t o o k  p l ace ,  

METHOD: The t e s t s  were c o n d u c t e d  u s i n g  a  T in iu - s  O l s e n  T e n s i o n  
T e s t i n g  Machine w i t h  a jaw s e p a r a t i o n  speed  of. f o u r  ( 4 )  i n c h e s  ' 

p e r  m i n u t e .  The c o n s t r u c t i o n  of the sample  may b e  s e e n  below. 

RESULTS : Specimen B r e a k i n g  S t r e n g t h  
RemarSks --- 

1 ,  5580 Zig-zag s t i t c h i n g  f a i l e d  
on 750# c o r d  

6260 I I  !I t t  
2 l? tt 

I! 
3 I _ _ U n _ _ U _ W  

6200 
Avg. 6013 

T i n i u s  0 1 s e n  
T e s t i n g  Machine 

S u s p e n s i o n  L i n e s  
750# Nylon Cord 
MIL-C-50409 TY.  

M I L - c - ~ ~ ~ O ,  T y ,  I 
u s i n g  ove rhand  F r e n c h  S p i r a l  

D i r e c t i o n  
o f  

Load 

FIGURE -. 22  - J , S ,  Msnsf 
- 22 -- l o  November 1961.1 



APPENDIX D 

Para-Sail Damage C h a r t s  



B u r n s  e e ~ $ r  

Tears - - - 
Drop Test No, 5 

25  S c p t e m b e ~  $363 
6 Conf i f < u r a t i o n  BOA-1 

S e r i a l  No, PS 6339 



b u r n s  s e b~ 
Tears - - -  

Drop Tee$ Ko, 6 
2 October  1963 

C o n f i g u r a t i o n  86A-1 
S e r i a l  No, PS 6339 



B u r n s  e e @  
Tears - - -  

Drop Test  No, 7 
8 O c t o b e r  1 9 6 3  

C o n l g u r a t l . o n  80k-2  
S e r i a l  No, PS 6339 



Eii EL 01 D L  F( 
bL I I 

(7) D-,iV46t;o r F v T  L / V E S  ~ " B v ~ M J : )  

A e 0 . t ' ~ ~  2 (5 246 ST/  Per/ (2 PLACCSJ 
G R / D L  € SLEEI/~ '  PHMAJt'D 

Legend 
P a n e l  Destroyed t z ~  BC RL eL BL " 

Burns  e e e  
Tears - - -  

Drop Test No, 9 
2 9  O c t o b e r  1 9 6 3  

Conf igu ra t i on  808-1  
Ser i a l  No, PS 6339 





p a n e l  Destroyed m 
B u r n s  e e e  
Tears - - -  

Drop Test No, 15  
2 9  J a n u a r y  1964 

ConFSgura t ion  BOA-7 
S e r i a l  No, PS 6313.4 



B u r n s  e e @ 

Tears - - - 
Drop Tes t  No, 3.7 

c:3 4 F4arch 1964  
a-w,-+ Conf%gura t i on  8 0 ~ - 9  

Sepia1  No, PS 64130 



B u r n s  @ e c  
Tears - - -  

Drop Test No, 3.8 
9 M a ~ c h  1964 

C o n f i g u r a t i o n  80A-9 
S e r i a l  No, PS 63114 



Burns  s 
Tears ----  

Drop Test No, 19 
1 3  March b964 

C o n P i g u r a t  i o n  86A-3  
S e r i a l  N O ,  PS 64130 



APPENDIX E 

Para-Sail Fopce HZstories 











































APPENDIX P 

Para-Sail Drag Area Histories 
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APPENDIX 6 

Para-Sail L l f t / C r a g  Histories 




























